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GIS Analysis for Abu Dhabi Schools 
Abstract 
Geograph ic  In format ion Systems ( G I S )  have become a n  i nd ispensable tool i n  many 
fie lds  of  study and  resea rch . GIS is  usefu l for choos ing  sites, target i ng ma rket 
segments,  p l a n n i ng i nfrastructu re faci l i t ies and  respond ing  to emergencies.  GIS is  
i nternation a l ly used for the edu cationa l  sector i n  d i fferent  aspects such as p l a n n i ng 
schoo l s  a l l ocat ion and  manag ing  educat iona l  resources .  Th is  thesis invest igated the 
spatia l  d i stri but ion of schoo l s  in Abu Dhab i  with respect to popu lat ion dens i ty and 
serv ice a reas, generated prospective locations  for construct i ng new schools based on 
the cu rrent  and  fut u re demand us ing mu lt i -criteria deci s ion ru les, developed a road 
network system that hel ps in  fi nd ing  shortest and  best routes between schools and 
houses of students and  Teachers and  developed a user friend ly- I nteractive GIS 
based School F inder Too l .  I n  t h e  cou rse o f  t h i s  resea rch a comprehensive G I S  
data base w a s  a l so deve loped for a l l  the 7 1  schools of the A b u  Dhab i  Is la n d .  Ent i re 
GIS  ana lys is  and  tools development were executed us ing  ESRI 's ArcGIS 9 . 2  
softwa re .  I n  add it ion th is  resea rch h a s  g iven good i ns ight  i nto the ro le  o f  geogra ph ic  
i nformat ion systems (GIS)  in  the school 's educat ion program,  p lann ing  and 
Ma nagement as  teachers may a l so have opport u n it ies to  learn a bout GIS and a pply i t  
to the ir  i nstructio n .  The thesis observed that the GIS  activit ies at Abu Dhabi  schoo ls  
a re sma l l  sca le ,  however GIS i n dustry i n i t iat ives, UAE govern ment and h ig her 
educat ion i n st i tut ions outreach ,  and emerg ing  nat iona l  sta ndards a re s igna l i ng  a n  
i ncreasing adoption  of GIS  activit ies by t h e  schools and  there is a lso a need for 




Ta ble of contents 
List of F igures 
List of Ta bles 
1 
1 . 1  
1 . 2  
1 . 3  
I ntroduction 
Backg round  
Objectives of  the  study 
Methodology 
Table of contents 
1 . 4 Organ izat ions of the thesis 
2 GIS Technology for Schools 
2 . 1  I ntroduct ion 
2 . 2  I m p o rtance o f  G I S  for Schoo l s  
3 
2 . 2 . 1 E n ro lment  Model for pub l i c  schools 
2 . 2 . 2  School  Fac i l i ty Ma nagement a n d  GIS 
2 . 2 . 3  F i nd ing  t h e  Fastest Route 
2 . 2 . 4  Spat ia l  D i stri but ion o f  Schools 
2 . 2 . 5  
2 . 2 . 6  
2 . 2 . 7  
S ite Se lect ion for new School  
School  fi nder system 
Hot Spot Ana lys is  
G IS in UAE 
3 . 1  
3 . 2  
I nt roduct ion 
GIS  Educat ion in  UAE 
3 . 2 . 1 
3 . 2 . 2  
G I S  a t  g raduate a n d  undergraduate level 
GIS for Schools in UAE 
Page 
i i  
i i i  
v 
v i i  







1 0  
1 1  
1 1  
1 2  
1 3  
1 4  
1 6  
1 7  
1 9  
20 
2 1  
2 2  
26 
3 . 3  GIS Appl icat ion in UAE 3 1  
3 . 3 . 1  Abu D hab i  Department  of Mun ici p a l it ies a nd Agricu ltu re 3 1  
3 . 3 . 2  D u b a i  Mun ic ipa l i ty 3 2  
3 . 3 . 3  S h a rjah  Government  
3 .4 Ana lys is of Geog ra phy text books 
3 . 5  Questi o n n a i re for the teachers 
3 . 5 . 1 I n trodu ct ion 







4 GIS a n a lysis for Schools 
4 . 1 GIS  database deve lopment for Abu Dhab i  Schools 
4 . 2  Spat ia l  D istri but ion 





4 . 2 . 2  School D istri but ion 72 
4 . 3  Corre lat ion between students,  popu lat ions and schools 76 
4 . 3 . 1 Correlat ion between School Density and  Student Density 76 
4 . 3 . 2  Corre lat ion between Populat ion (6- 1 8 )  and School  77 
Dens ity 
4 . 3 . 3  Corre lat ion between Popu lat ion ( 6 - 1 8 )  a n d  Student 
Densi ty 
79 
4 . 4  Serv ice a rea a n a lys is o f  selected schools  80 
4 . 5  Hot Spot ana lys is  86 
4 . 6  Network Ana lys is 90 
4 . 7  S i te select ion  for new schools  95  
4 . 8  Deve lopment o f  a n  i nteractive GIS based school fi nder tool 1 1 2 
5 S u m m a ry a n d  Conclusion 1 1 7 
5 . 1 Summary 1 1 8 
5 . 2  Conc lus ion  1 1 9 
5 . 3  S i g n i ficance o f  the Study 1 2 2  
5 . 4  Recommendat ions 1 2 2  
References 1 24 
Append ix A 1 28 
Arabic  S u m m a ry 1 30 
iv 
Fig u re 1 . 1  
F igure 2 . 1  
F igu re 3 . 1  
F ig u re 3 . 2  
Fig u re 3.3 
F igure 3 . 4  
F igu re 3 . 5  
F igu re 3 . 6  
F igu re 3 . 7  
F igure 3 . 8  
F ig u re 3 . 9  
F igure 3 . 1 0  
F igure 3 . 1 1  
F igure 3 . 1 2  
Fig u re 3 . 1 3  
F igu re 3 . 1 4  
F igure 3 . 1 5  
F igu re 3 . 1 6  
F igu re 3 . 1 7  
F igu re 3 . 1 8 
F igu re 3 . 1 9  
Fig u re 3 . 20 
F igu re 3 . 2 1  
F igu re 3 . 2 2  
F igure 3 . 23 
F igu re 3 . 24 
F igure 3 . 25 
F igure 4 . 1 
F igu re 4 . 2  
F igure 4 . 3  
F ig u re 4 . 4  
F igure 4 . 5  
F igu re 4 . 6  
F igu re 4 . 7  
Fig u re 4 . 8  
F igure 4 . 9  
Fig u re 4 . 1 0  
List of Figures 
Study a rea 
Patterns of spat ia l  d i stri but ion 
N um ber of the schools  i n  UAE between 1999 - 2007 
F i rst GIS  Educat iona l  Forum 
Second GIS Educationa l  Forum 
M a p  Ga l l e ry 
Secondary School students i n  AI A in  and Abu Dhab i  Learns 
a bout GIS  
The usage of  the  map 
Natu ra l  Phenomena i n  UAE 
C l imate i n  GCC 
D istri but ion of popu lat ion in GCC 
Popu lat ion Dens ity in the Arab World 
Livestock i n  the Arab world  
Lan d  a n d  water on  the su rface g lobe 
Topog raphy of UAE 
Concepts of M a p  and Sca le  
Industry i n  West E u rope 
Popu lat ion d istri but ion i n  Lat i n  America 
GIS Concept 
Remote sens ing  record the weather 
Remote sens ing  adva ntage 
Governmenta l and private schoo ls  that pa rtic i pated in the 
survey 
Percentage of teachers who a re us ing computers 
Percentage of the teachers who a re fami l i a r  with 
computer  devices 
Educationa l  background of the respondents 
Percentage of the teachers who support i ntroduct ion of GIS i n  
schoo ls  
N umber of teachers who a re fami l i a r  w i th  i ntroduction of 
M icrosoft Office and  other softwa re 
M ethodology of creat ing  the school Geodatabase 
The three ma in  feature datasets 
School  dataset 
Tota l Popu lat ion 
Popu lat ion (6- 1 8 )  g rou p age 
M a i n  Roads i n  Abu D ha b i  Is land 
Popu lat ion d i stri but ion 
Popu lat ion ( 6 - 1 8 )  g roup  age d i str ibut ion 
Popu lat ion (6- 1 8 )  g rou p age density 
N at iona l  popu lat ion 6- 1 8  g roup  age density 
Page 
2 
1 3  




3 1  














5 1  
5 1  
52 














Fig u re 4 . 1 1  Expatriates populat ion 6- 1 8  g roup  age density 70 
F igure 4 . 1 2  D istri but ion of the schools 72 
F ig u re 4 . 1 3  Student Dens ity 74 
F ig u re 4 . 1 4a Student Dens ity and  School Dens i ty 76 
F igure 4. 1 4 b  Student Density and School Dens i ty 77 
F igure 4 . 1 5a Popu lat ion  Densi ty (6- 1 8 )  g roup  age and School Density 78 
F ig u re 4 . 1 5b Popu lat ion  Density ( 6- 1 8 )  g ro u p  age and School Density 78 
F igure 4 . 1 6a Popu lat ion Density (6- 1 8 )  g ro u p  age and Student Density 79 
F igu re 4. 1 6 b  Popu lat ion  Dens ity (6 - 1 8 )  g roup  age a n d  Student Density 80 
F igu re 4 . 1 7  The three selected schools  for serv ice areas ana lysis 8 1  
F igure 4 . 1 8  A I  Na hda Nat iona l  School serv ice a reas 82 
F igure 4. 1 9  A I  Rawafed Private School  serv ice a reas 84 
F igu re 4 . 20 Um Ammar Secondary School Service a rea 85  
F igure 4 . 2 1  Hot spot a na lys is  of n um ber  of students i n  each school 87 
F igure 4 . 2 2  Hot spot ana lys is  o f  students i n  each d istricts 89 
F ig u re 4 . 23 Abu Dhab i  Street Network 9 1  
F igu re 4 . 24 Layers that used to create network ana lys is 9 1  
F ig u re 4 . 25 Convers ion  too l s  i n  Arc tool box 92 
F igu re 4 . 26 Street N etwork 9 2  
F igure 4 . 27 The resu l t  of testi ng  the street network 93 
F igure 4 . 2 8  Trace without u s i n g  t h e  shortest path 94 
F igure 4 . 29 Trace depend ing  o n  the shortest path weight  ( Ra ndom 94 
Resu l t )  
F igure 4 . 30 Trace depen d i n g  o n  the shortest path weig ht (Shortest 95  
way)  
F igure 4 . 3 1  Model  for s i te selection  of new school 98 
F ig u re 4 . 32 Popu lat ion ( 6 - 1 8 )  g ro u p  age > 1 000 99 
F igu re 4 . 3 3  H i g h  dens ity students a reas 100  
F igu re 4 . 34 Procedu re of select ing  a reas with 2 Km buffer from 1 0 1  
recreat iona l  p laces 
F igure 4 . 3 5  2 Km buffer for recreat iona l  p laces 1 0 1  
F igure 4 . 36 Recreationa l  a reas with 2 Km buffer 1 02 
F igure 4.37  Proced u re of  se lecti ng  a reas with 1 Km buffer from 103  
res ident ia l  p laces 
F igure 4.38 Resident ia l  a reas with 1 Km buffer 1 03 
F igu re 4 . 39 Procedu re of selecti ng  schools with 1 Km buffer from 1 04 
same g rade ex ist i ng schools 
F ig u re 4 .40  Ex ist i ng  schoo l s  ( same g rade) w i th  1 Km buffer 1 0 5  
F igure 4 . 4 1  Procedu re of selection  a l l  the parcels whose usage type i s  1 06 
i nd u stri a l  and  a i rports 
F igure 4 . 42 Po l l u ted and  noisy a reas 1 06 
F igure 4 . 43 The procedu re of se lect ing  road edge centre l i ne  with 1 07 
1 00m buffer 
F igu re 4 .44 M a i n  roads with 1 00m buffer 1 08 
F ig u re 4 . 4 5  Tota l weights o f  a l l  the accepted a reas 109 
F igure 4 .46  U n io n  of  u n  accepted a reas for new schoo l s  1 1 0 
F igu re 4.47 F ina l  s ites for new schools 1 1 2 
F ig u re 4 . 48 F ind  schools by d i strict, grade or school name 1 1 3 
F igure 4 .49 F i nd school s  by d istrict 1 14 
F igure 4 . 50 The resu lts reported on  the too lbar  as number of schools  1 14 
F igure 4 . 5 1  The resu lt of selected schools shown i n  the map 1 1 5 
F igu re 4 . 52 Zoom to the selected school i n  the map 1 1 6 
vi 
Ta ble 3 . 1  
Tab le  4 . 1 
Ta ble 4 . 2  
Ta ble 4 . 3  
Ta b le 4 . 4  
Table 4 . 5  
Table 4 . 6  
Ta ble 4 . 7  
Ta ble 4 . 8  
Ta ble 4 . 9  
Ta b le  4 . 1 0  
Ta ble 4 . 1 1  
Ta b le  4 . 1 2  
Ta ble 4 . 1 3  
Ta ble 4 . 1 4  
Ta b le  4 . 1 5  
Tab le  4 . 1 6  
Ta ble 4 . 1 7  
List of Tables 
Geo-science cou rses and textbooks at the Department of 
Geography,  UAE U n ivers i ty 
Data a n d  the sou rce 
Attri bute of the school 
Attri bute of Popu lat ion 
Attri bute of main roads 
Popu lat ion densi ty (6- 1 8 )  g ro u p  age : tota l ,  Nat iona l  and 
Expatriates 
N u m ber of schoo ls  in each d istrict 
Student dens i ty in each d istrict 
Serv ic ing  D i str icts with n u m ber of students of AI Na hda 
Nat iona l  School  
Serv ic ing D i stricts with n u m ber of students of AI Rawafed 
Private School  
Servic i n g  D istricts with n u m ber of students of U m  Ammar 
Seco n d a ry School 
Z score c lass i ficat ion and n u m ber of schools  
Hot spot  schools 
Hot spot d i stricts 
Z score c lassif icat ion a nd n u m ber of d i stricts 
N u m ber of school needed in Abu Dhab i  Is land 
Accepted and u naccepted areas 
Attri bute ta b le of accepted and u naccepted a reas 
Page 
















1 1 0 
1 1 1  
vii 
Chapter 1 
I ntrod u cti o n  
viii 
1 . 1  Background 
Chapter 1 
Introduction 
Before the d i scovery of o i l ,  there was very l itt le development i n  the Arab ian  
Pen i nsu la ,  and  certa i n ly no  proper educationa l  system . In  1 962,  when o i l  product ion 
started in  Abu Dhab i ,  the cou ntry had j ust 20 school s  for less than 4 ,000 students, 
now the n umber of school s  has i ncreased to 1 500 and the tota l student number has 
been i ncreased to 650 ,  000 (AI  Abed et a l . ,  2007 ) .  
The d i scovery o f  o i l  p rovided the necessa ry fi nances t o  improve the educat ion 
system . Th is  was a h igh pr iori ty for His H igh ness Sheikh Zayed b in Su ltan AI Nahyan,  
the UAE former Pres ident,  who decla red : "Youth is the rea l wealth of the nat ion ." H is  
a im was  to  use the o i l  revenue to  deve lop academica l ly and  techn ica l l y  qua l if ied 
c itizens.  
The UAE provides a comprehensive educat ion system for boys and g i rls,  with free 
educat ion for nat iona ls  i n  governmenta l schoo ls ,  co l l eges and  un iversit ies .  The major 
concern of M i n istry of Educat ion and  Youth is  to ensure the deve lopment of methods 
and  prog rams that  ad here to the latest i nternationa l  sta ndards,  with pa rt icu lar  focus 
on  i n troduc ing the latest IT resou rces at al l  l evels ( http : // 
www . she ikhmohammed . co . a e/eng l i sh/h istory/h istory _edu . asp ) .  
Abu  D hab i  i s  the  ca p ita l  o f  UAE  and  Abu  Dha b i  emirate is  the  largest o f  the  seven 
emi rates of the U n i ted Ara b  Emi rates. The city l ies on a T-sha ped i s land jutti ng  i nto 
the Pers ian  Gu l f  from the centra l western coast. An estimated 1 .8 mi l l ion  people  
1 
l i ved there i n  2006,  with about a n  80% expatriate popu lat ion 
( http : //en .w ik iped i a . o rg/wik i/Abu_Dhab i ) .  Abu Dhabi  c i ty i s  located at 24 .4667° N 
54 .3667° E .  ( Figure 1 . 1 ) At the head of Abu Dhabi and across from the Corniche is  
Lu l u  Is land ,  a semi- natura l  la ndmass that  i s  argua bly the most strategic and va luable 
p iece of property in  the Emi rate.  Its a rea i s  6 ,700km2 . 
The cu rrent developments i n  Abu D h a b i ,  l i ke its ne ighbor Duba i  i s  focused primari ly 
on  large hote l ,  condom i n i um and office comp lexes b u i l t  in modern a rch itectu ra l 













Araqah Hamlm DUwo Oasis 
( 1 )  
( 2 )  
F igure 1 . 1 :  Study Area 
Sou rce ( 1 ) :  http : //worldat las . com/webimage/cou ntrys/asia/ae . htm 
Sou rce ( 2 ) :  http : //g u ide . theemi ratesnetwork. com/maps/abu_dhab i_ma p .  php  
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1 . 2  Objectives of the study 
The specifi c  objective of this study is  to i nvestigate the GIS's implementation  i n  
schools .  Th i s  i nvest igat ion i s  set t o  b e  ach ieved a n d  i l l u strated b y  carrying out 
the fo l l ow ing : 
1 .  Invest igate spatia l  d i stri but ion of schoo ls  with respect to popu lat ion density 
and ca lcu lat ing  the ir  serv ice a reas in the Abu Dhab i  Is lan d .  
2 .  S ite new school  l ocat ions based on t h e  cu rrent and future dema nd u s i n g  GIS 
m u l ti -criteria ana lys is .  
3 .  F ind  out  the hot s pot a reas for the Schools based on  number of students per 
school and D i str ict .  
4.  Deve lop a network system that helps in fi n d i ng shortest route between 
school s  and  houses . 
5 .  Develop a n  In teractive GIS based School Fi nder Tool for Abu Dhab i  Is land .  
6 .  Desig n  and  Deve lop a GIS database for Abu Dhab i  Schools  
1 . 3  M ethodology 
The objectives of the study have been ach ieved through a n umber of tasks that were 
conducted and  a re e laborated hereafter. 
Task 1,' R eview of previous studies 
This task encompassed the rev iew of previous  studies that were re levant to the 
subject of th is  study,  ava i l ab le  reports  from various s ites on  the I n ternet, books and 
magazi nes and  Literature of  GIS  ana lys is  for school  admin i strat ion from d i fferent 
cou ntries.  
3 
Task 2: Iden tification of datasets and data collection 
Data and  in formation  were co l l ected from d ifferent organ i zat ions i n  Abu Dhab i . Abu 
D ha b i  sate l l ite image ( IKONOS-2006)  and D istricts, Zones, Roads, centerl i ne, 
l ocation and names of the schools  were col lected from Abu Dhabi water and 
e lectri c ity authority (ADWEA) as shape fi les .  Information about the schools  such as 
name of the schoo l ,  g rade, gender, n umber of students, Telephone and Fax numbers 
were co l l ected from Abu D ha b i  Educat iona l  Zone .  Popu lat ion data of Abu Dhab i  
Is land were co l l ected from Department  of Economy and  Pla n n i n g .  
Task 3: Visiting Abu Dhabi Education Zone, Abu Dhabi 
Vis i ted Abu D hab i  Educat ion Zone and  got the courses associated with geogra phy 
from g rade fou r  to ten .  Got the i nformation of a l l  school s  in Abu Dhab i  Is land such 
a s :  Name of the schoo l ,  g rade, gender, no.  of students, Te lephone and Fax numbers 
as a n  excel sheet.  
Task 4: Visiting Schools of grade 1 0  
Vis i ted the governmenta l and  private schoo ls  i n  Abu Dhab i  Is land and d istribute 
q uest ionna i re ;  In terv iewed d i fferent Geogra phy teachers to know thei r backg round i n  
Computer a n d  GIS technology ; Conducted meetings  w i th  School Admin istrat ion to 
understa nd the ir  knowledge i n  us ing  GIS for Schools,  network ana lysis and fi nd ing 
shortest bus routes. 
Task 5: Da ta processing and design of goedatabase 
Al l the data and  layers gathered from d i fferent departments were i n  d i fferent formats 
and  on d i fferent  projection  systems. A l l  these data sets were converted to ESRI 
Shape fi le  format and brought  i nto a common Project ion System 
( UTM_WGS84_Z0NE40 N )  then relevant  attri bute data were added to each layer. 
4 
Task 6: Da ta Analysis 
Us ing  the Processed data GIS a n a lyses were conducted to understa nd School 
d i str ibut ion w ith respect to Demogra ph ic  patterns.  Ca lcu lated the service areas of 
d i fferent schoo ls ;  generated prospect ive locations for construct ing new school s  in the 
futu re. Developed an Interactive GIS based School F inder Tool  and a Network 
system for fi nd ing  shortest a n d  best routes for Students and Teachers .  Col lected 
UAE Geogra phy text books from g rades 4 to 10 were reviewed and ana lysed for the i r  
geogra ph ica l concepts re lated to  GIS ,  GPS and Remote Sens ing tech nologies.  
Com puter and GIS s ki l ls of Geog ra phy Teachers were a na lysed us ing the 
Questionna i re reports  
Task 7: Thesis Preparation 
U pon  complet ion of the a bove 6 tasks, F ina l  M a ps ,  sate l l ite images, Figu res, reports 
and  Ta bles were p repa red i n  the fi na l  format.  Reported a l l  the fi nd i ngs and resu lts ;  
Conc l us ion  was made based on  the resu lts of the study and recommendations were 
proposed for future studies.  
1 .4 Org a n ization of the thesis 
This thes is i s  composed of five chapters . Chapter one covers the objectives and  the 
methodology used to ach ieve these objectives, cha pter two is  devoted to the GIS 
techno logy and its importance for schoo ls .  
The t h i rd cha pter presents GIS Educat ion i n  UAE u n iversit ies and col leges i n  general 
and Schoo l s  in part icu l a r. I n  add it ion ,  i t  i nc l udes review and ana lysis of geogra phy 
text books from g rade 4 to la, ana lys is of Geogra phy Teacher's sk i l l s  us ing 
Questionna i re and  a bout  the GIS app l icat ions in  d i fferent organ izat ions i n  UAE . 
The fou rt h  Chapter presents fu l l y the GIS database creat ion and GIS ana lysis,  such 
as Corre lat ion a n a lys is  between students, popu lat ion and schools ,  service area 
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ana lys is of schoo ls ,  Spatia l  d i stri but ion ana lysis of schools,  hot spot ana lysis of 
student n umbers, site selection a na lys is  of schoo ls  and a lso presents the 
deve lopment of an Interactive School Finder Tool and route Network system for 
Students a n d  Teachers .  
The f i n a l  cha pter h i g h l ights thesis summary, conc lus ion ,  and recommendations .  
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Chapter 2 
G I S  Tech n o l ogy fo r schoo l s  
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Chapter 2 
GIS Technology for schools 
2 . 1 I ntroduction 
Geog ra p h i c  I nformation System (GIS):  
GIS is  a col lection  of computer hardware, softwa re, and geog raph ic  data for 
ca ptu ri ng ,  manag ing ,  ana lyz ing ,  and  d isp lay ing a l l  forms of geograph ica l l y  
referenced i n formatio n  (Audet a nd Ludw ig ,  2 0 0 0 ;  Long ley e t  a l ;  200 1 ;  
http : //www . g is . com/what isg is/ i ndex. htm l )  . 
It i s  a l so a tool to a nswer quest ions a bout a l ocation ;  it ca n combine layers of 
i n formatio n  stored i n  a database that may i nc lude addresses, aeria l  photog ra phs, 
sate l l ite images, dates, and other n umerical  va lues .  A GIS does more than te l l  
"where," b u t  ca n a l so answer quest ions l i ke "why" a n d  "what if?" With a GIS,  i t  i s  
poss ib le  t o  exp lore re lat ionsh ips,  trends,  a n d  conduct ana lyses that can be 
represented as maps.  GIS  can be a ppl ied to a va riety of topics in the physical  and  
socia l  sc iences, as  we l l  as  mathematics and  art/desig n ,  provi d i ng a great fou ndat ion 
for i nterd iscip l i n a ry projects . Work ing  with GIS he lps students develop computer 
l i teracy , a n a l yt ica l 
presentat ion s k i l l s  
a pproaches to prob lem solv ing ,  and commun icat ion a n d  
( Lo and Albert, 200 2 ;  htt p : //www .esri . com/industries/k-
1 2/ educat ion/what_ is .  htm I). 
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The components of GIS are: 
Hardware 
H a rdware is  the computer on  which a GIS operates.  Today, GIS ru ns on a wide range 
of hardware types, from centra l i zed com puter servers to desktop computers used i n  
stand-a lo ne or  networked configu rat ions .  
Software 
GIS softwa re provides the fu nct ions and tools needed to store, ana lyze, and d isp lay 
geog raph ic  i nformati o n .  
Data 
Maybe the most importa nt component of a GIS is  the data . Geogra ph ic  data and  
re lated ta b u l a r  data ca n be co l l ected i n -house or bought from a commerc ia l  data 
provider.  M ost GISs  employ a DBMS to create and  mainta i n  a data base to he lp 
organ i ze and  manage data . 
People 
GIS tech no logy  is  of l im i ted va lue  without the people who manage the system and 
develop p lans  for a pp ly ing i t .  GIS  users ra nge from techn ica l specia l i sts who desig n  
and  ma inta in  t h e  system t o  those w h o  use i t  t o  hel p them do their  everyday work. 
Methods 
a successfu l GIS operates accord i ng to a wel l -desig ned p lan  and bus iness rules,  
wh ich a re the models and  operat i ng  practices u n ique to each orga n izat ion ( Heywood 
et ai, 1 9 9 8 ;  htt p : //www. sfu . ca/rd l/GIS/tour/comp_g is . html ) .  
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What ca n we do with GIS? 
Various analysis can be done with G IS ,  this include: 
Map Where Things Are 
Mapping where things are lets you find places that have the features you're looking for, 
and to see where to take action. 
Map Quan tities 
People map quantities, like where the most and least are, to find places that meet their 
criteria and take action, or to see the relationships between places. This gives an 
additional level of information beyond simply mapping the locations of features. 
Map Densities 
A density map lets you measure the number of features using a uniform areal unit, such 
as acres or square miles, so you can clearly see the distribution. 
Find Wha t's Inside 
Use GIS to monitor what's happening and to take specific action by mapping what's 
inside a specific area. For example, a district attorney would monitor drug-related arrests 
to find out if an arrest is within 1 ,000 feet of a school--if so, stiffer penalties apply. 
Find Wha t's Nearby 
Find out what's occurring within a set distance of a feature by mapping what's nearby. 
Map Change 
Map the change in an area to anticipate future conditions, decide on a course of action, or 
to evaluate the results of an action 
http://www.gis.com/whatisgis/dowithgis.html) 
2 . 2  Importa nce of G I S  for schools 
or policy (Mitchell, 1 999;  
GIS can help learners of  all ages understand the world around them. GIS helps students 
and teachers engage in studies that promote critical thinking, integrated learning, and 
multiple intelligences, at any grade level (http://edcommunity.esri.com/im/). 
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GIS in school administration improves planning and decision making in areas including 
enrollment model for public schools, facility management, finding shortest route, spatial 
distribution of schools, site selection for schools, school finder system and hot spot 
analYSIS. 
2 . 2.1 Enro lment Model  for publ ic  schools 
Today, Geogra ph ica l I nformat ion Systems is a n  effic ient too l to tackle many issues . 
The matters based on  geog ra ph ica l  i n formation l i ke Automatic Student Reg istrat ion 
(ASR) not a prob lem anymore with GIS in educat ion sector and GIS mapp ing 
procedu res a re used widely in  ASR process. 
For example,  a prototype model was developed for Tu rkey where there are 36,712 and 
59,723 students in 74 elementary schoo ls  and 25 secondary schools .  Th is  model  
i nc lude severa l g ra ph ic data layers as roads, bu i l d i ngs,  school  locat ions,  admin i strative 
bou ndaries, a n d  non-graph ic  layers as street n um bers,  resident ia l  addresses and 
school ca pacit ies.  As a resu lt ,  students had a n  opportu n i ty to  enro l l  i n  the nea rest 
school  v ia i nternet us ing  address i nformat ion 
(http://www.fig.net/pub/fig2007 /papers/ts_ 4h/ts04h_O 1_yi ldirim_aydinog l u_140 1. pdf). 
The ASR model is based on  GIS ,  re lat iona l  data bases and address i n formation 
system. The ma i n  com ponents of the model a l low to captu re, store, update, ana lyze 
a n d  d i sp lay a l l  forms of geog raph ic  i nformation a re hardware,  softwa re a nd spat ia l  
data . Also,  th is model  i n cl udes u pdat ing procedu res, data shar ing ru les,  and other 
re lated data . ASR model i s  a n  important part of school  s ite management .  GIS has 
proven to be an extremely  effective and effic ient tool to so lve ASR problem .  
2 . 2 . 2  School Faci l ity M a n agement a n d  GIS 
Geogra ph ic  i nformation systems tech nology ca n provide a S ign i fi cant  ana lytica l tool 
for p l a n n ing  a n d  de l iveri ng  educationa l  serv ices.  
1 1  
Student i n formation and  serv ice data can be combi ned with other ava i lab le  
commerc ia l  demograph ic  or governmental data  sets to  hel p i n  p lann ing ,  
implementat io n ,  comm u n icat ion or  management projects . It helps i n  track ing and  
a na lyz ing  data both geog ra ph ica l ly and  tempora l ly ,  a nd re lates i n formation from 
d i fferent  sou rces . For example, you ca n ana lyze development patterns to a id  i n  
school  s i tt i ng  or opt imize b u s  ru ns  b y  ana lyz ing d rive times 
( http : //mwvcog .org/g is/down loads/SchooIAdm i n_GIS . pdf) .  For i nsta nce, Counci l of 
government (COG) ,  M id  W i l l amette Va l ley developed and  mai nta ins  the GIS base 
mapp ing  that hel ps support the 60 attendance zones, ma p books, tra nsportat ion 
rout i ng  fac i l i t ies management,  and p lan n i ng act iv it ies of the Sa lem Keizer School 
D i str ict .  
2.2 . 3  F i n d i n g  t h e  fastest route 
N etwork ana lys is  i s  defi ned as a set of geograph ica l locations i n terconnected in a 
system by a n umber of rou tes .  Network refers to a system of l i nes topolog ica l l y  
structu red,  for example transportat ion l i nes and river l i nes ( Ka nsky, 196 3 ) .  
I n  a na lyz ing  networks, major  concern is  how fa r the locations a re from one a nother 
whether the rou tes j o i n i ng them curve or stra ig hts ( Haggett a nd Chorley, 1969)  
Th is  project focused on  determ i n i n g  the best route between two desti nat ions based 
on  a specifi c  travel expense, travel  cost wou l d  be based on  the length of time 
req u i red to trave l  between locat io ns,  mi leage, operat ing cost or some other factors . 
A Geog ra ph ica l  I nformat ion System (GIS)  ca n determine both the qu i ckest and 
shortest routes between these locat ions .  
( http : //g is . esri . com/ l i b ra ry/userconf/proc03/p03 20 .  pdf) 
Factors i nfl uenc ing  the length of t ime such as school zones, traffic l i g hts, and rush 
hour  traffic wou ld  be considered in the determinat ion of the fastest route. The use of 
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GIS  to determine  the qu ickest route between locat ions i s  one of the goals of th is  
project.  
2. 2.4 Spatia l  D istri bution of schools 
Spatia l  D i stri but ion i s  the locations of features or measu rements observed in 
geograph ic  space ( Fotheri ngham et a L ,  1 994;  
http : //atl as . l i bra ry . a rizona .edu/g lossaryq_s . htm)  
Three genera l  patterns of Spat ia l  D istri but ion 
Random any po int  i s  equ a l ly l i ke ly  to occur  at any l ocation a nd the 
posit ion of any point i s  not affected by the posit ion of any other po i nt .  
There is  no apparent ordering  of  the  d istri but ion 
U n iform every pO int  i s  as  fa r from a l l  of its ne ighbors as poss ib le 
C l u stered many poi nts a re concentrated c lose together, and large 
a reas that conta i n  very few,  i f  any,  pOi nts ( Lo and AI bert, 2002;  
http : //www . css.comel l . edu/cou rses/620/ lecture8 . ppt# 256, l ,Spatia l 
D i stri buti o n )  
• • • • • • • • 
• • • • 
• • • • • 
• • • • • • • 
• • • • • • 
• • • 
• • • • • • 
• • 
RANDOM UNIFORM 
Figu re 2 . 1 :  Patterns of spatia l  d istri but ion 
••• • • •• • 
• • • •  ••• • ••• • 
CLUSTERED 
For example,  I n  Cal iforn ia  1 7 3  schoo ls  ( 2 . 3% )  with a tota l enro lment of 1 50 . 323 
stu dents were located with i n  1 50 m of  h igh  traffic roads (primari ly i n  the centra l 
c it ies ) ;  5 3 5  schools ( 7 . 2% )  were w ith i n  med i um traffic roads 
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( http : //www .oeh ha .ca .gov/pub l i c_ info/pub l iC/kids/Pdf/proximity%20of%20schools% 
20to%20roads .  pdf) . 
I n  Ind ia ,  the maximum wa lk ing  d i stance to schools from ch i ldren 's houses is  set to 
be l ess than 1 k i l ometer for l ower primary level education and three k i lometers for 
u p per primary leve l .  
I n  Sapporo ,  Japa n ,  c i ty p la n n i ng regu lat ions i nd icates that prima ry schools shou ld  be 
located w i th in  500 m and  1 0  minutes wa lk ing  d istance from the res idence and for 
l ower seconda ry schools a re with i n  1 ,000 m and 1 5  minutes wa l ki n g  d ista nce from 
the ir  houses . 
I n  Tha i l and ,  there a re no  specifi c  reg u l at ions or req u i rements for school l ocat ions, 
O n l y  few common ru les, such as  not near factories, warehouses, la ndfi l ls etc . ,  are 
st ipu lated for school  p la n n i n g .  This l oose enforcement of school p l a n n i ng regu lat ions 
has a l so become one of the factors that triggered the random school  d istri but ion 
rega rdless of the cons iderat ion for deman d .  
( http : //www . g i sdevelopment . net/aa rs/acrs/2002/edu/ l 0 0 .  pdf) 
2 . 2 . 5  Site Selection for new school 
The s i te selectio n  process ca n be v iewed as be i ng composed of two major  
phases, p re l im i n a ry a n d  deta i led . I n  the pre l im i n a ry phase large a reas are screened 
to ident i fy potentia l sites. After ident ify i ng  a set of sites, add it io n a l  factors ca n be 
i n cl uded in the deta i led phase.  The s ite se lection  ca n be a pproached through 
location-a l locat ion models ,  wh ich i nvo lve the determinat ion of the number of new 
fac i l it ies,  as wel l  as the ir  l ocations ,  and  the a l location of i tem movement between the 
new and  exist i ng  faci l i t ies . The solut ion w i l l  genera l l y  resu l t  i n  the identificat ion of 
more tha n one  specif ic s i te ( La Placa ,  1997) .  
For examp le ,  I n  Jordan  they use GIS to  bu i l d  a data model for school mapp ing to  fi nd 
a proper s i te for new school and ta ke i nto considerat ion some criteria l i ke :  
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• M a i nta i n  school ca pacity i n  terms of the rat io of ava i l ab le c lass room area per 
student 
• Match the i ncrease i n  popu lat ion of the a rea for the next ten years 
• Show the overa l l  d istri but ion of cu rrent schools in the a rea i n  a map with a l l  
re lated i nfo ( http : //www . i sprs . org/ista n bu I 2004/comm2/papers/ 1 3 5 .  pdf). 
Another example  of us ing  GIS  for s ite select ion i s  i n  Delaware where a school d istrict 
was chosen for ana lys is ,  and exist ing GIS themes were identified for use in the 
a na lys is .  Pa rt of the study was a l so to look at what other data might be needed. GIS 
data used in the ana lys is ,  among others, were land use, parcel l i ne data, sewer 
network, and  resou rce protect ion a reas.  Geo processi ng techn iques such as i ntersect 
a n d  bufferi ng  were used. Su rrogate po int  data was created to represent students. 
The a bove a na lys is  prov ided a n umber of possi b le l ocations for school sites. I t  was 
obvious that some s i tes, a l though ident ified as su itab le,  wou ld not be. For example,  
open space in the i nterior  of ex ist i ng  housing subdiv is ions cou ld  be exc luded 
a lthough i t  might  meet a l l  criteria used 
( http : //g is . esri . com/ l i b ra ry/userconf/procO l/profess iona l/papers/pap6 1 8/p6 1 8  . htm ) .  
A s  a resu l t  Geograph ic  I nformation System holds g reat potent ia l  for use a s  a tool i n  
school s i te su ita b i l ity a n a lys is .  With addit iona l  bra i n storming a n d  further refi nement 
of the mode l ,  adm i n i strators, work ing  in conju nct ion with school p lan ners 
knowledgea b le  i n  GIS  tech n i ques, cou ld  create a model that would prove benefic ia l  i n  
school s i te p la n n i n g .  Furt her, with some mod i ficat ions,  th is  model could b e  ada pted 
for use i n  other d i stricts. 
There a re other criteria taken i nto considerat ion i n  other cou ntries l i ke 
( http : //www . psd 1 50.org/boa rd/S iteSelect ionCri teria . pdf) : 
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• Size,  the s ite( s )  shou ld  be l a rge enough to accommodate the D istrict's, the 
m i n i m u m  size 8- 1 5  acres for one story school and 6- 1 2  acres for a two story 
school .  
• Amen it ies,  There a re both "des ira b le" and "u ndesirab le" amen ities sought  i n  
the a reas o f  a new school bu i l d i ng (s )  . 
.,/ adjacency to parks, l i b ra ries, and recreat iona l  centers . 
.,/ N ot adjacency to com merc ia l  enterprises with a h igh  concentrat ion of 
veh icu l a r  traffic . 
.,/ N ot adjacency to areas with a h igh  i nc idence of crime.  
• Other Cons iderat ion ,  p rox i m i ty to student popu lation .  
• Access ib i l i ty to s ite by wa l k, car, bus,  pub l i c  transportat ion . 
• Traffic vo lume a nd congesti o n .  
2 . 2 . 6  Schoo l F i nder System 
A system is  an i nter- re lated set of com po nents with an ident ifiab le  bou ndary,  
worki ng  together for some pu rpose ( Hoffer et a I . ,  1 996 ) .  The major stages i n  the 
deve lopment of a system a re :  
• Requ i rements a na lys is  and  specifi cat ions .  
• Desig n .  
• I m plementati o n .  
• System test i n g .  
• I n sta l l a tion .  
• Prob lems .  
Exam ple of a GIS  system for school was  deve loped by  the  Cou nci l  o f  government 
(COG) ( http : //mwvcog .org/g is/down loads/SchooIAd m i n_GIS.  pdf) . 
COG website hosts the School  fi nder webpage that i s  serv ing u p  the latest revis ions 




M a p  you r  student data by locat ion to ana lyze and d i scover trends .  
Ana lyze d rive times to  fi nd  the best routes for buses . 
• 
• 
Combine  student or  attenda nce bou ndary data with 2000 Census data us ing .  
D ig it ize school fac i l i t ies/b luepri nts to  a id  i n  resou rce a l location or  
deve lopment  of  emergency response p lans .  
• M a p  loca l  government crime data to mon itor trends or patterns i n  proximity 
to bus routes and  schools 
• Create maps,  charts and  g raphs  for d istri but ion v ia pa per, ema i l  or the web 
With web enab led mapp i ng . School attenda nce in formation and bus routes are 
ava i la b l e  to the pub l i c  on l i ne,  reduc ing  ca l l s  to staff 
( http : //mwvcog . o rg/g is/dow n l oads/SchooIAdm i n_GIS .  pdf) . 
2.2 . 7  H ot Spot Ana lysis 
The Hot S pot Analys is  tool  ca lcu lates the Getis-Ord G i* statist ic for each featu re i n  a 
weighted set of features.  The G-statist ic  te l l s  whether features with h igh  va l ues or 
featu res with low va lues tend to c luster i n  a study a rea . Th is  too l  works by look ing at  
each featu re w i th i n  the context of ne ighbor ing features. If a featu re's va lue  is  h igh ,  
and the va lues for a l l  of i t 's  ne ighbori ng  features a re a l so h igh ,  i t  i s  a part of a hot 
spot.  The loca l sum for a feature and  its ne ighbors i s  compared proport iona l ly to the 
sum of a l l  features ; when the loca l sum is  much d i fferent tha n the expected local 
sum, a n d  that d i fference is  too large to be the resu l t  of random chance, a stati stica l l y  
s ign i fi ca n t  Z score is  the resu lt  ( ESRI ,  200 5 ) .  
G I *  Static data Interp retation 
The G i* statist ic i s  actua l l y  a Z score .  For statistica l l y  s ign ificant posit ive Z Scores, 
the larger the Z score is, the more i ntense the c lusteri ng of h igh  va lues.  For 
statist ica l l y  s ign ificant  negat ive Z scores, the sma l ler the Z Score is, the more 
i ntense the c lusteri ng  of low va lues .  
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Hot spot ana lys is  can be used for many school management issues such as 
mon itori ng  d iseases with i n  schools and enrolment. 
For example in Toronto, geography students conducted a research experiment to 
d etermine where i nfl uenza bacteria a re l i kely to be found ( hot spots) .  
They fou n d  that some areas l i ke h i g h  traffic a reas, stationary computer, the enter 
button had more bacteria l  content and wash rooms had the most bacteri a l  content.  
( http : //www.cordweek ly . com/cordweekly/myweb . php?h ls= 10034&news_id =  1 078)  
In  Ontar io,  they produce a comprehensive enrolment l a ndsca pe that  i s  prOjected 
through  t ime wh ich  encompasses a l l  board types ( E P\EC\FC\FP)  and school types 
(e lementary\secondary ) .  M i n istry staff ca n use th is  to get a b i rd 's eye view of the 
a reas to expect enro lment pressures between a l l  boa rd types, a nd where one school 
board cou ld  a l l ev iate the enro lment defi cit of another boa rd .  The basic u n i t  of 
measure is school spaces wh ich i s  equa l  to Capacity - E n ro lment where Capacity is 
o n ly 'On-the-Gro u n d '  and does not i nc lude non-permanent spaces. Enrolment a nd 
Capacity data comes from school boa rd u p loaded in formation through the Capita l  
P la n n i ng component  of the SFIS system . Status types i nc luded are 'Open', 'New',  and 
'Closed' 
( http : //g i s4u . ed u . gov . o n .  ca/website/GISUserGro u p/Tools/Hotspots/ E n ro l  mentGrowt 
hArea s . doc ) .  
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Chapter 3 
GIS  i n  UAE 
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3.1 Introd uction 
Chapter 3 
GIS in UAE 
The reven u e  from o i l  has p layed a major ro le i n  the i ncrease i n  the number of 
schoo ls d u ri ng the last  few years ( Fi g u re 3 . 1 ) .  It a l so he lps in prov id ing i n formation 
techno logy ( IT)  i n frastructu re for schools .  
S i nce the beg i n n ing  of the IT revol u tion  i n  th is  cou ntry the M i n istry of  Educat ion i s  
support i ng  IT. For example,  one of the goa ls  is to provide a computer for every ten 
ch i l d ren in k i ndergarten ,  every five pup i l s  in primary schoo ls ,  every two students i n  
prepa ratory schools and  o n e  computer per student i n  u n iversit ies.  That I T  education 
in the formative yea rs has became a major  priority for UAE and is  u nderl i ned by the 
success of the She ikh Mohammad Bin Rash id  IT Educat ion project ( ITEP) , wh ich was 
l au nched 2000 .  As well as i n sta l l i n g  computer labs in a l l  partiC ipat ing schools  and 
creat i ng  a comprehensive cutt ing -edge cu rricu l um, ITEP a l so provides a n  i nva luable 





















Figu re 3.1: N umber of the schoo l s  i n  UAE between 1999 - 2007 
Source : AI  Abed et a l .  , 2005 ; AI Abed et a l .  , 2007 
ITEP now provides cou rses i n  40 h igh schools i n  UAE ( 20 i n  Du bai, 20 i n  Abu Dhab i )  
and  over 1 3000 students pass through the  programme every year (A I  Abed et  a l ;  
2007 ) .  
The IT i nfrastructu re w i l l  he lp  i n  a n y  p lan  for i ntroduc ing o f  GIS i n  schools.  
Graduates from GIS fie lds  and app l icat ions of GIS in governmenta l departments w i l l  
a lso ass ist i n  us ing  G I S  as a tool for schoo ls  management and i ts i ntroduction  i n  the 
cu rricu l um .  
3.2 GIS Ed ucation in UAE 
Each  day more u niversit ies and co l l eges a re seek ing i nformation on how to  beg i n  
remote sens ing  and  GIS programs. The reason s  are many, b u t  fou r  o f  t h e  most 
important  a re ( ESRI,  1998): 





The mandate for u n iversit ies and  col l eges to upgrade technolog ica l  
educati o n .  
T h e  need for u n iversit ies and  col leges t o  fi nd  new sources o f  fund ing . 
Advances i n  hardware a n d  softwa re .  
The demand for more professiona ls  tra i ned i n  G IS by  government and the 
private sector .  
3 . 2.1  GIS at g rad uate and underg rad uate level 
Cu rrent ly,  there a re three pub l i c  u n iversit ies and more than ten private u n iversit ies 
in the UAE. The UAE Un iversity was the fi rst u n ivers ity in the UAE to estab l ish a GIS 
progra m  i n  the Department of Geog ra phy i n  1999. The objective of the program is  to 
produce sk i l led G IS g raduates who ca n bu i ld ,  use, and ma inta i n  GIS databases. 
Cou rses of the cu rric u l u m  are desig ned to meet this objective . The cu rricu l u m  covers 
bas ic  Eng l i sh  cou rses, as Eng l i sh  is used as a med i u m  of i n struction for 6 courses 
(Ta b l e  3.1), and  geog ra ph ica l  cou rses such as physica l  geography, human 
geogra phy,  geog ra phy of the  UAE,  and  geog ra phy of  Arid Zones. The cou rses related 
to remote sens ing  a nd G IS a re tau g ht in Eng l ish and  th is  reflects the globalization of 
these cou rses; moreover the text books ass igned to these cou rses a re a l so used by 
u n iversit ies in deve loped nat ions (Tab le  3.1). U pon  comp let ion of 132 credit hours 
(24 credit  hours i n  the fie ld  of geo-science) ,  a student w i l l  ea rn a B .Sc .  i n  Geography 
with G IS .  To make the cou rses more flexi b le  and g loba l ,  a specia l  web s ite has been 
des igned to prov ide students with o n l i ne materia l re lated to geo-science. In addition ,  
a comprehens ive su m ma ry of a n u m ber of progra ms a round the world that offer 
d i stance learn ing  i n  the geo-science d i sc ip l i ne i s  provided (Geoco m m u n ity, 2003). 
Cu rrent ly,  the Department has 4 facu lty members spec ia l ized i n  remote sensi ng and 
GIS and  a nother 12 facu lty teach ing  other geogra ph ica l  courses. The tota l n u m ber of  
students i s  300, with 70% of them fema les .  The Department's GIS labs (at the Men's 
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and  Women's campuses) have a wide ra nge of comput ing fac i l i t ies (77 PCs ) .  I n put 
devices i nc lude 10 d ig it izers, 3 handhe ld  GPS receivers and two scan ners .  Co lour  
graph ics output i s  provided by  two H P  color l aser pri nters and a n  H P  p lotter.  The 
hardware is  com plemented by a comprehensive su ite of software tools  for 
geog ra ph ica l  i nformat ion processi n g .  These i nc lude ESRI ArcView, ArcGIS, a nd 
E RDAS I mag ine .  
G IS and  remote sensi ng activ it ies a re not l i m i ted to  the  Department of  Geog raphy,  
but other departments i n  the UAE U n ivers ity offer cou rses re lated to remote sensing  
and  GIS,  for i nsta nce, the Departments of C iv i l  E n g i neeri ng and Env ironment, 
Arch itectura l  Eng i neering ,  and Geo log y .  An i m portant factor in the development of 
remote sens ing  and  GIS  in the UAE U n ivers ity is that the top decis ion makers 
(cha m pions)  a re su pport ing  I nformation Technology i n  genera l and remote sensing  
and  GIS  in  part icu l a r. 
The UAE U n iversity has a p p roved M . Sc .  p rogra m  i n  remote sensing and  GIS .  The 
prog ra m  started in September 2005 and  i t's the fi rst educat iona l  track of its k ind i n  
the a rea . The M . Sc .  i s  designed to provide a u n ique educationa l  opportun ity for 
u nderstan d i n g  of remote sens i ng  and  G IS,  together with their  im pact on society . This 
prog ra m  has been developed as a n  i nterd i sc ip l i nary program to be offered jo i nt ly by 
the Geog ra phy,  Geology, Civ i l  E n g i neeri ng ,  and Urba n a nd Reg iona l  P la n n i ng 
departments, with su pport from the IT and  Bus iness depa rtments .  
I n  th is  way and  through G IS ,  i so lated departments a re sta rt ing  to  work together and 
at the same t ime each department feels  a respons ib i l i ty towards remote sensing and 
GIS .  Moreover, the l obby to  convince the U n iversity of  the va lue of such a program is  
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beco m i ng stronger .  Therefore, u n iversit ies i n  develop ing cou ntries ca n use th is 
model of creati ng  an i nterd isc i p l i n a ry program .  
Core cou rses encapsu lated i n  the progra m i nc lude pri n ci p les o f  remote sensi ng and 
GIS,  d ig i ta l  i mage processi ng ,  spati a l  ana lys is ,  data base management system,  and 
geo-stati stics .  E lective courses i nc lude project management, envi ron menta l  p lann ing  
and  i m pact a n a l ys is ,  water resou rce ma nagement, and selected top ics i n  remote 
sens ing  and  G I S .  In add ition  to the core cou rses and  e lective courses, students have 
to develop a n  M .Sc .  thesis .  By the end of the progra m ,  students have to comp lete 
30-34 credit  hours with i n  two years for fu l l  t i me students and  with i n  3 to 4 years for 
part t i me students (Yagou b, 200 5 ) .  
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Cou rse Textbook used by UAE U n iversity 
Ca rtogra phy Robi n so n ,  A.  H . ,  J. L .  Morrison, P .e .  M uehrcke, 
A.J . Ki merl i ng  and  S .e .  Gupti l l  1995 .  Elements of 
cartography. New York : John Wi ley & Sons, Inc .  
Com puter S locu m,  T.  A. 1 999 .  Thematic Cartography and 
Cartog ra phy Visualization. New Jersey : Prentice H a l l .  
Remote sens ing  I Thomas Eugene Avery and  Graydon Len n i s  Berl i n ,  
1 9 9 2 .  Fundamentals of Remote Sensing and 
Airphoto Interpretation, 5th ed . New York : 
Macm i l la n  Pub l i sh i n g .  
Remote sens ing  I I  Jensen,  J .  R . ,  1 996 .  In troductory digital image 
Processing: A remote sensing perspective, 2nd ed.  
N ew Jersey: Prentice H a l l .  
G IS I Long ley,  P .  A . ,  M .  F .  Goodch i ld ,  D .  J .  Magu i re, 
and  D .  W .  R ihnd ,  200 1 .  Geographic Information 
Systems and Science .  New York : John Wi ley and 
Sons,  Inc .  
G IS I I  Fotheri ngham,  A .  S .  a nd P .  A .  Rogerson ,  1994.  
Spatia l  ana lys is  and  GIS . London: Tay lor  & 
Fra ncis Ltd . 
Tab l e  3 . 1 :  Geo-sc ience cou rses and textbooks at the Department of Geog raphy, 
UAE U n ivers ity 
Sou rce : Geoco m m u n ity, 2003 
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3.2.2 GIS for Schools i n  UAE 
Geog ra phica l I nformat ion Systems ( GIS)  have not  yet been i ntroduced to  primary ,  
I ntermed iate and  secondary schoo l s  as a major subject i n  the  UAE  wh i l e  i n  world 
wide GIS is in a bout 1 0 , 000 secondary schoo ls  and estimated 1 50000 students study 
GIS  each yea r 
( http : //www . fh-kaernte n . a c . at/eug ises_2004/pdf/EUGISES2004_phoenix . pf) . 
However, there a re some efforts for i ntroduc ing GIS i n  schools ,  for example,  Sheikh 
Zayed Private Academy School  for G i rl s  and through,  GIS Educat iona l  Foru m .  The 
She ikh  Zayed Private Academy for G i rls ,  located in Abu Dhab i ,  UAE is a private 
school for g i rl s  from K G 1  through g rade 1 2  ( http : //www. zayedacademy . a c . ae/ ) .  
The school offers a n  en r iched program to its students comb i n i ng the cu rricu lum of 
the UAE for Ara bic ,  Is la m ic, and  Socia l  Studies with a Ca nad ian  curricu l u m  based on  
the  expectat ions of the  Ontar io,  Canada M i n istry of  Educat ion progra m .  Students 
from g rade 7 - 1 2  a re i nvolved in the school 's award-w i n n i n g  l a ptop progra m .  Us ing 
the ir  own la ptop com puters ( pu rchased through the schoo l ) ,  students i n tegrate 
computer techno logy i n  a l l  subject a reas, i m p roving thei r i nformation l iteracy ski l ls 
through cou rse i n struct ion  and  i nd iv idua l  exp lorat ion of software l i censed by the 
school . 
Students a re encouraged to su b m it projects com pleted through the i r  cou rses to the 
b i - a n n u a l  UAE IT Cha l lenge .  Students from g rade kG 1 - 6 a re us ing the com puter 
l a b  wh ich conta i n s  of 20 computers and g rade 1 - 6 they have 3 computers in each 
class room us ing  i t  for severa l subjects . The school purchased ArcGIS software i n  
2005 a n d  i nsta l l ed i n  g rade 1 0  student's l aptop a n d  they tried to use i t  for the 
26 
geogra phy c l ass, unfo rtu nately the la nguage was the ma in  prob lem for them so they 
stopped ( H eather, 2006 ) .  
The fi rst G I S  Educationa l  Foru m was organ i zed b y  the G I S  Centre o f  Duba i  
M u n ic ipa l ity i n  cooperat ion with the M i n istry of Educat ion at  Duba i  World Trade 
Centre as  part of the M a p  M idd le  East 2006 conference. 
S ixty students in the age g ro u p  of 1 2 - 1 5  from 1 2  government schools in the UAE 
part ic i pated in the Foru m ,  wh ich  prov ided the part ic ipa nts a fi rst hand experience on 
map mak ing  and data col l ection ,  in add it ion to presentations by i nternat ional  experts 
in the fie l d .  D u ri n g  the hour- long session ca l led,  " Fie ld Survey Game" he ld outside 
the Trade Centre ,  students jo i ned a professiona l  team led by Head of Geodesy Unit i n  
t h e  Pla n n ing  and  S u rvey Department a t  Duba i  M u n ic ipa l ity i n  conduct ing a fie ld 
s u rvey for map m a k i n g .  They were shown how the data for map making is co l lected 
and  processed on location ,  and  then how it is i ncorporated i n  a map on the 
com puter.  The students who part ic i pated in the Foru m were selected based on thei r 
ach ievements and  pa rt ic i pat ion i n  extra cu rricu lar  activit ies i n  the school as per the 
M i n istry of Educat ion sta ndards ( Figure 3 . 2 )  
( http : //www . g is . gov. ae/en/news/ news . asp?ID =  7 3 )  
O n  Februa ry 2 1 - 2 2 ,  2 0 0 7  a Second GIS Educationa l  Foru m was held a t  t h e  Ch i ldren 
City in  A I  Khor  Park i n  D u ba i  as a fi rst show and the fi na l  show was he ld on the map 
midd le  east 2007 . The event was organ i zed by M i n istry of Youth and Education,  
M i n istry of Socia l  Affa i rs ,  and  Zayed Center for Chi l d ren of Spec ia l  Needs and 
Ch i l d ren City i n  Duba i  ( Figure 3 . 3 ) .  
The Foru m a i m s  a t  spread ing  awareness and sett ing u p  a sound fou ndation of 
geospatia l  science and  tech no log i es by educat ing futu re generations .  The foru m 
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addresses the awareness and  the need for G IS a mong the students a nd how it i s  
go ing  to he lp  them in  day to  day l i fe . 
The ma in  goa l s  of th is  Foru m were 
( http : //www. mapmidd leeast .org/2007/conference/educationforu m . htm ) :  
• Fa m i l i a rize school students with the techn iques of GIS and  remote sens ing,  
and  use of maps .  
• Development of the ch i ld ' s  persona l ity through the encouragement of log ica l 
and  a n a l yt ica l  t h i n ki ng a bout the surro u nd ing  cha l l enge, as wel l  as the 
deve lopment of the a b i l ity to debate, com m u n icate and present .  
• Provide educationa l  resou rces for teachers :  the practical  app l ication of the 
concepts of G IS and remote sens i n g .  
The foru m concluded with successfu l Part ic i pation School : boys / g i rls a n d  
preparat ion o f  a variety o f  techn ica l resea rch on  t h e  obstacles and cha l lenges fac ing 
env i ro n m ent, and  ana lys is  us ing G IS techn iques to fi nd  so lut ions that su it  every 
obstac le .  Exa m ples of top ics  presented i nc luded : water reservoi rs,  i m pact of  
pol l ut ion i n  the AI Ras AI Akhdar, sol id  waste i n  Abu Dhab i ,  spread of asthma among 
ch i l d ren  i n  Zayed City ,  and  tourism i n  D i ba Fuja i rah  
( http ://www .geo ped i a . ae/Fi rst%20Min i%20Pa pe rs%20Project/Prog ra m%20for%20fi rst%20pr 
oject . pdf) . 
The M a p  D rawing  Contest i s  targeti ng a l l  GCC ch i ldren  aged 3 to 1 5  yrs, A l l  
part ic ipated m a ps d isp layed d u ring  the M a p  M idd le  East Conference, there where five 
w in ners selected from each country to part ic i pate in the World M a p  Com petit ion i n  
2007 ( Figure 3 . 4 )  
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F igure 3 . 2 :  F irst GIS Educationa l  Foru m 
Source : http : //www. g is .gov . ae/en/news/ news .asp?ID= 73 
F igure 3 . 3 :  Second GIS  Educationa l  Foru m 
Sou rce : p hoto by the author 
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Figu re 3 . 4 :  M a p  Ga l lery ,  prepared by school studetnts 
Source : photo by the author 
Secondary School students in AI  Ain and Abu Dhabi Learn a l so about GIS On 
N ovem ber 1 5 , 2006 in the GIS day celebrat ion that was he ld at the Kha l ifa Bin 
Zayed School in AI  A i n .  The event was organ i zed by GISTEC with the assistance of 
Abu D ha b i  M u n ic ipa l ity through  M ustafa AI  M uaswa and  the d i rector of AI A in 
Educationa l  Zone Authority, a bout 50 students, teachers and pri nc ipa ls  from d ifferent 
secondary school  were attended ( Figure 3.5) The GIS techno logy was exp la i ned to 
the students a n d  the ir  teachers, its i mporta nce, usage, a nd i m plementation . The 
students were provided with g i fts i ncl u d i ng T sh i rts, GIS books and bags (GISTEC, 
200 7 ) .  
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Figu re 3 . 5 :  Secondary School students i n  AI A in  and  Abu Dhab i  Lea rns about GIS 
Source : http : //g istec . com/events/g is_day _photos/g is_day .  htm 
3.3 GIS Appl ication in UAE 
There a re many Government ( Federa l  & Loca l )  and  Private organ izat ions i n  UAE that 
a re us ing  the Geograph ic  I nformat ion Systems and remote sensing in the i r  da i ly  
bus i ness. Some of  the fo l lowi ng exam p les w i l l  g ive a good insight  i nto the  GIS 
i m p lementat ion i n  d i fferent  orga n isat ions of UAE cou ntry and  th is  w i l l  encou rage the 
use of  GIS by schoo ls  and  m i n istry of educat ion .  
3.3.1 Abu Dhabi  Department of M u n ic ipa l it ies and Agricu lture 
Typica l ly ,  m u n i ci p a l i t ies use GIS technology to ma nage their  ut i l i t ies l i ke sewerage, 
water supp ly  systems,  road networks, etc. GIS is  a lso typ ica l ly  used by Town 
P lan ners for prepa ri n g  master p lans,  zon ing maps and for mon itor ing bu i ld ing  
perm its and  cadastra l i nformat ion .  An i ntegrated GIS w i th  data on  loca l 
i n frastructure can hel p to assess the r isk to res idents and b u i l d i ngs,  and  p lan  for 
protect ion measures or i nformation cam pa igns .  The potent ia l  is enormous.  For 
mu n ic ipa l i t ies,  it is a comb inat ion of easy retrieva l ,  spat ia l  a na lys is  and attri bute 
presentat ion ca pab i l it ies that makes a GIS package espec ia l ly  attractive to use .  For 
many m u n ic ipa l  fu nct ions,  where attri bute databases a re d i rectly related to p lots, 
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d ig ita l p roperty maps represent a key sta rt i ng  point  for d i fferent app l icat ions .  
There a re enormous benefits resu l t ing  from presentation and a na lyz ing data with 
GIS across a m u n ic ipa l ity l i ke a d m i n istrative savings (no need to ma inta in  paper 
maps / docu ments and storage fac i l it ies)  and the a b i l i ty to qu ickly and effic iently 
u pdate and d i ssem i nate new i nformation over the Internet. 
The ma in  ro le of m u n ic ipa l  GIS is to re-eng i neer and support a l l  major bus iness 
processes across the l oca l government in order to i ncrease the ir  efficiency and 
prov ide a g reater return o n  the i nvestment of publ ic  money ( Ku nka et a l .  , 200 5 ;  
http : // www . mapmidd leeast. org/magaz i ne/2005/ju l_aug/theabua . htm ) 
3 . 3 . 2  D u ba i  M u n ic ipal ity 
D u b a i  G IS  Center has bu i l t  a n  enterprise GIS that i s  serv ing the needs of Dubai  
M u n ic ipa l i ty,  other govern ment org a n izat ions of the E m i rate a nd the private sector 
and  it cont inues to seek i n novative and  effective mea ns of a pp ly ing GIS tech nology 
to i mprove D u ba i  M u n ic ipa l ity 's operationa l  and p la n n i ng ca pab i l i t ies a nd the qua l i ty 
of l ife of c i t izens & res idents .  
Adva nces in  Geog ra p h i c  Informat ion System (GIS) tech nology, cou p led with the 
pervasiveness of the Internet has fundamenta l ly  changed the way geograph ic  data is 
co l lected , stored,  managed, ma i n ta i ned,  d isse m i nated and used . The GIS Center i s  
tak ing  advantage of latest GIS  and  Internet techno log ies to  rep lace trad it iona l  
chan nels  for d i sse m inat ion and  use of geograph ic  data 
( h ttp : //www . g is . gov. ae/en/content .asp?DocI D = 68&Cat= 1 6&n page= 1 ) .  
The m a i n  use of G IS i n  the m u n ic ipa l ity i s  i n  mapp ing  and  u pdat ing of master p lans 
and  ut i l i t ies .  The m u n ic ipa l ity i ntroduced the latest techno logy i n  mapp ing ,  the 
Cont inuous ly Operat ing Reference Stations  (CORS) system that helps surveyors, 
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G IS/LIS profess iona ls , eng i neers,  scienti sts, and others to pos it ion pOi nts for which 
G PS data have been co l l ected . Governmenta l ,  academic, commercia l ,  and private 
org a n izat ions can benefit from th is  system . 
3 . 3 . 3  S h a rj a h  Goverment 
The Sharjah  Geospati a l  Information Systems ( G I S )  Center (SGC) was estab l i shed by 
the Sharjah Government to cater to the GIS needs of the Sharjah  Government 
Departments,  and coord i nate between Sharjah Govern ment and other parties, both 
in the pu b l i c  and  private sectors . The GIS Data Interoperab i l ity Sol ut ion (GDIS)  
cu rrent ly  be ing i m p lemented by GISTEC, a ims  to  fac i l i tate the smooth and lossless 
excha nge of geospatia l  data between the fo l lowing member organ izat ions of SGC : 
Sharjah  M u n ic ipa l i ty 
• S h a rjah  Pol ice 
S h a rjah  Department for Economic  Development 
• S h a rjah  Pub l i c  Works Depa rtment 
• The D i rectorate of Town Pla n n ing  and  Survey ( DTPS) 
• Sharjah  E lectr ic ity and  Water Authority ( SEWA )  
Et isa lat  
The GDIS is  one  of the few i m p l ementations i n  the wor ld i nvolv ing severa l 
govern ment agenc ies part ic ipat i ng  i n  a comp lete geogra ph ic  data i nteroperab i l ity 
setup .  Severa l bus i ness level and  techn ica l  cha l lenges were encou ntered by GISTEC 
tea m d u ri n g  the G D I S  i mp lementation .  GISTEC tea m  customized and  developed on 
top of the core Spat ia l  D i rect and F M E  soft wa res to meet some of the d ifficu lt  
secu rity requ i rements of the GDIS project ( GISTEC, 2006) .  
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3.4 Ana lysis of  Geog ra phy text books 
The i ntroduct ion of GIS concepts in schools  w i l l  he lp  in i ncreas ing awareness a bout 
GIS benefits, i t  may lead to more spend ing  in the curricu l u m ,  a nd it wi l l  g ive a 
cha nce to the students to get a job w ith H igh  School  cert i ficate. It w i l l  a lso fac i l i tate 
school a d m i n i strat ion i n  usi ng GIS for school ma nagement.  
Th is  section  reviewed UAE Geog raphy text books for g rades 4 to 10 for the 
geogra ph ica l  concepts i nc lud ing  GIS,  G PS and Remote Sensing . 
Text Book :  
Yea r :  
G rade :  
Soc ia l  Stud ies 
2007/2008 
4 
This book conta i n s  6 cha pters, 270 pages; the fi rst cha pter i s  bout UAE location,  
natura l  phenomena,  coasta l a nd i nterior  p la i ns,  desert, c l i mate, c it izens of a ncient 
c iv i l i zat ions in UAE reg ion  and u n ity project of UAE . The second chapter i s  about 
Is lam and spread of Is l a m  in Ara b  Pen i nsu l a  and beyond,  Is lam in UAE a nd Oman 
and the i mpact of Is lam on  the Ara b .  The next chapter ta l ks about foreign 
i n terference in the UAE and the Ara b  resistance,  Em i rates and Economic cha nges i n  
the fie l d  o f  agricu l ture, fish ,  o i l ,  i n d u stry,  tra nsportat ion a n d  Et isalat,  socia l  a nd 
cu l tura l  change i n  UAE, the government and  law.  The forth cha pter is about 
Popu lat ion and h u m a n  act iv i ty in UAE, economy in UAE, Is lands issue, and water 
prob lem . F i n a l ly ,  the s ixth chapter i s  about volu nteer work and heritage in UAE (AI 
M u ha i ri et a l .  , 2007 /2008)  
Some of the bas ic  map  uses a re i ntroduced i n  the text book, for exam ple ( Figure 
3 . 6 )  shows that  the map can be used for many fie lds e . g .  TV uses the map i n  the 
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weather forecast, l ocat ion of events, ca r d rivers, p i lot and sh ip 's capta i n  use the map 
to reach the ir  desti nat ion and  eng ineers use the map for p la n n i n g .  
The focus i s  t h e  i mportance o f  maps and t h i s  i s  conveyed to students through a 
s im ple mea ns ( g ra ph ics)  that i s  su itab le to the i r  age and degree of u ndersta nd ing .  
Other maps i n  the  text book  depicted the  i m portant  location of  the  UAE and its 
i m pact on its i nhabi tants.  
F igure 3 . 6  shows the i mporta nce of the map and d ifferent fie lds that a re using the 
map l i ke TV, car  d rivers and u rban p lanner.  
Basic pri nc ip le  of cartog ra phy such as use of co lors, d i rect ion,  legend, a n notation and 
map des ign  a re enca psu lated i n  maps that show local  env ironment ( Figure 3 . 7 ) .  
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Figu re 3 . 6 :  The usage of the map 
Source :  AI  M u ha i ri et  a l . , 2007 / 2008 
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Text Book :  
Yea r :  
Grade : 
Fig u re 3 . 7: Natura l  Phenomena i n  UAE 
Source : AI M u ha i ri et a I . , 2007 / 2008 
Socia l  Stud ies 
2007/2008 
5 
Thi s  book conta i ns 4 cha pters, 1 53 pages . The fi rst chapter i s  ma in l y  a bout Gee 
state, l ocat ion of Gee, natura l  a ppeara nce, a nc ient civi l i zation ,  Is lam i n  Gee and  
Europea n colo n ia l i sm . Students can see the  l ocat ion of  Gee i n  the  map  and the 
surrou nded cou ntries in d i fferent  co lors and they ca n note the boundaries of Gee . I n  
t h e  second cha pter students can see t h e  geogra ph ica l a ppea rance, l i ke terra in ,  
c l i mate ( Fig u re 3 . 8 ) ,  and  natura l  p la nts a re shown i n  d i fferent map with d i fferent 
colors and sym bo l s  w i th in  th is  chapter students ca n note the Archaeologica l  sites i n  
Gee map,  l i ke J a ba l  hafi t  and  A I  H i l i .  Students a re exposed to the spread o f  Is lam i n  
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GCC and  E u ropea n co lon ia l i sm i n  GCC through  maps.  Students can study the ma in  
reasons of  the co lon ia l ism such  as  trade routes . 
The m a i n  objective of the second chapter is the development com pa rison ab i l i ty by 
exa m i n ing  two ideas or topics, l i st d i fferences, s im i l a rit ies, and summari zes them . 
Students can do com parison between UAE and  GCC accord ing  to their  la nguage, 
currency ,  customs and trad it ions,  and I ndependence. 
Th i rd chapter i s  about GCC development and its main objective is read ing charts, 
and  the ir  uses in textbooks, newspa per, magaz i nes, TV, and d rawings .  The fi rst 
sect ion i n  th is  cha pter is a bout  popu lat ion ( Figure 3 . 9 ) .  Students ca n note the 
d i str i but ion of popu lat ion and the reasons of g rowth through the map and usage of 
d i fferent colors and sym bo ls .  The last chapter is about l i fe in Gu lf cooperat ion 
counc i l  and the m a i n  objective is  deve lop ing  forecasti n g  sk i l l  by data col lection ,  data 
ana lys is ,  and  present ing resu l ts .  For exam ple students here ca n present resu lts 
about  i m pact of h i g h  pri ces on fa m i ly  income (AI Khma iry et a I . ,  2007/2008) .  
F igu re 3 . 8 :  C l i mate i n  GCC 
Sou rce : AI  Khma i ry et a l .  , 2007/2008 
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F igu re 3 . 9 :  D istri but ion of Populat ion i n  GCC 
Sou rce : AI Khma i ry et a l .  , 2007/2008 
Socia l  Stud ies 
2006/2007 
6 
Th is  book conta i n s  1 0  cha pters, 250  pages; the fi rst chapter i s  a bout i m porta nce of 
the Ara b  world l ocat ion .  Second cha pter i s  about topogra phy,  c l i mate, natu ra l  p la nt 
and  water of the Arab worl d .  The th i rd cha pter shows popu lat ion characteristic, 
g rowth and  d istri but ion in the Ara b world ( Figure 3 . 1 0 ) ,  wh i l e  in the forth cha pter 
crops, fish  a n d  M i nera l  Wealth in the Arab world ( Figure 3 . 1 1 ) .  The fifth chapter i s  
a bout trade, tou ri st,  i nd u stry and  tra nsportation i n  the Ara b  world , Next cha pter i s  
a bout geograph ic  featu res of territory of the Ara bian  Pen insu la ,  modern and 
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contem pora ry H istory of Ara b i a n  Pen i n su la and Ara bian  Gu lf reg ion . The Seventh 
cha pter i s  about geog raph ic  featu res and modern and contempora ry h istory of I raq 
and Ara b .  E ight chapter i s  a bout geograph ic featu res and modern and contempora ry 
h i story of terri tory of the N i l e  Va l ley . The next cha pter is a bout geogra ph ic  features 
and  modern and contem pora ry h istory of horn of Africa . F ina l ly  the last cha pter i s  
a bout geogra p h i c  featu res and  modern a nd contempora ry h i story of g reat Ara b  
Maghreb ( Qa nem e t  a I . ,  2006/2007)  
The textbook focuses on  the Ara b  world and provides students a reg iona l  overview 
a bout thei r su rrou nd ing  cou ntries . Some of the geograph ica l concepts em bedded i n  
the textbook I nc lude use o f  co lou r, co loured maps c lass ificat ion,  popu lat ion dens ity 
( Figure 3 . 1 0 )  and  use of sym bo ls  ( Figu re 3 . 1 1 ) 
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Fig u re 3 . 1 0 :  Pop u lat ion Density i n  the Arab World 
Source : Qanem et a l . ,  2006/2007 
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Fig u re 3 . 1 1 :  Livestock i n  the Arab World 
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This  book conta i n s  4 cha pters and  1 50 pages; the fi rst chapter i s  about un iverse, 
Ga lact ic,  stars, p la nets, h u m a n  and  space and  the eart h .  The second cha pter is 
about topogra phy,  rocks, and  i nfl uent ia l  factors in the formation of the Earth 's  
surface and  the prob lems and  UAE topogra phy .  The th i rd i s  about Hyd rosphere , 
types of water, m ovement of the water i n  the ocea n and sea and the prob lems of the 
hyd rosphere .  The Last chapter i s  a bout Atmosphere, weather and c l i mate ;  
i nfl uent ia l  factors i n  t h e  c l i mate, e lements o f  change e . g .  temperature and the wind 
and  UAE natura l  p lant,  fi n a l ly the prob lems of the atmosphere (Qanem et a L ,  
2007/2008)  
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Figu re 3 . 1 2  shows the d i stri but ion of the land  and water on the g lobe from th is  map 
students see the locat ion of the conti nents and ocea ns i n  the map.  
Fig u re 3 . 1 3  shows the topog ra phy of UAE,  students can suggest a t it le for the map 
from the co lors and  the ir  i nd i cat ions on  the map .  
Th i s  textbook conveys to  the  students geogra ph ica l  concepts such i n teract ion 
between atmosphere,  hydrosphere, l i thosphere, and its im pact on d istri but ion of 
h u ma n ,  a n i ma ls , and p la nts ( Biosphere ) .  
��, . 4.?� � �  
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Figu re 3 . 1 2 :  l and  and Water on the su rface of the g lobe 
Source : (Qanem et a I . ,  2007/2008) 
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F igure 3 . 1 3 :  Topogra phy of UAE 




This book conta i ns  4 chapter and  1 60 pages; the first cha pter i s  about map  defi n it ion 
and e lements, types of ma ps, sca le ,  a nd l egend of the map.  Student can use the 
sca le on  the map to measure the d istance between the school and the house, 
long itude and lat itude and the i r  uses ( Figure 3 . 1 4 ) .  Second chapter is about 
Popu lat ion i mporta nce and d i stri but ion,  factors affect ing the d istri but ion of the 
popu lation ,  popu lat ion g rowth,  and causes of the g rowth and UAE popu lat ion .  The 
th i rd cha pter i s  a bout  human  and  the env iron ment, economic activities l i ke 
agricu ltu re, g raz ing  and  fish i ng ,  food product ion i n  the world ,  l ivestock and fi sh i n  
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the Ara b  world,  i ndustry and  agr icu ltu re i n  UAE . The last chapter i s  about energy 
defi n it ion and sources l i ke o i l ,  coal and natu ra l  gas (Qanem et a L ,  2007/2008 ) . 
The text book em beds geog ra ph ica l  concepts such as measurements, d istance and 
d i rections  from a map  us ing a ru ler, protractor and  sca le of the map,  it a l so 
h i g h l i g hts the re lat ionsh i p  between populat ion and economic  act iv it ies ( h u ma n  
geogra phy)  
( 
F igure 3 . 1 4 :  Concepts of map and sca le 
Sou rce : Qanem et aL,  2007/2008 
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Th is  book conta i n s  7 cha pters and  205  pages; the fi rst cha pter i s  a bout Asia  and 
Africa profi le  (Area and  Popu lat ion ) ,  Is lamic wor ld cou ntries, l ocation,  topography,  
c l i mate and  natura l  p la nt,  popu lat ion and economic  resou rces . The second chapter i s  
a bout Gu l f  Cooperat ion Cou nc i l  of Ara b  Gu l f  State locat ion,  natu ra l  characteri stic, 
topog ra phy, c l imate a n d  natura l  p lant,  populat ion and economic  resou rces . Next is 
a bout Federa l  Repub l i c  of N i geria l ocation ,  topogra phy, c l i mate and natu ra l  p lant ,  
popu lat ion and economic  resources. Forth  chapter i s  about Austra l i a  location ,  
topogra phy,  c l i mate and  natura l  p la nt,  popu lat ion  and economic resources .  The fifth 
is a bout  Cont i nenta l  E u rope profi le  (Area and popu lat ion ) ,  West Europe Pol it ica l 
u n i ts, natura l  characteri st ic, popu lat ion and economic  resou rces ( Figure 3 . 1 5 ) .  Also i t  
ta l ks a bout Fra nce locat ion , topog raphy,  c l i mate, popu lat ion and economic resources . 
Next cha pter i s  a bout North  America n conti nent locat io n ,  topography, c l imate a nd 
natura l  p la nt, popu lat ion and eco nomic  resources. The seventh and last cha pter ta l ks 
a bout Lati n America l ocatio n ,  topogra phy, c l i mate and natura l  p l a nt, populat ion and 
eco no m i c  resou rces and  Argent i na  l ocation ,  topog ra phy, c l i mate and popu lat ion and 
economic  resou rces, (Al i ,  et  aL ,  2007/2008)  ( Figure 3 . 1 6 ) .  
Geogra ph ica l  concepts enco mpass i n  the textbook i nc lude how variat ion i n  
geogra ph ica l  locat ion ,  c l i mate, a n d  topogra phy may affect popu lat ion d istri but ion 
and the ir  economica l  activ it ies . I t  a l so reflects how color maps with various 
c lass ifi cations and sym bo l s  can portray facts in a viv id way ( Figure 3 . 1 5 , 3 . 1 6 )  
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Fig u re 3 . 1 5 :  I ndustry i n  West E u rope 
Source : Al i ,  et a L I 2007/2008 
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Fig u re 3 . 1 6 :  Popu lat ion d istribut ion i n  Lat in  America 
Source : A l i ,  et a l . ,  2007/2008 
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1 0  
This book conta i n s  4 cha pters a n d  1 8 8  pages; the fi rst cha pter i s  a bout how fie ld 
stud i es, Aeria l  photo, GIS concept ( Fi g u re 3 . 1 7 ) ,  Remote sens ing defi n it ion ( Figure 
3 . 1 8 ) ,  The second cha pter i s  bout Hydrosphere, Water system and  its component 
e . g .  G round water and su rface water, water po l l ut ion and movement of the water. 
The th i rd is bout the Atmosphere and  its com ponents, e lements of weather change 
e . g .  tem peratu re and w i n d .  The last chapter i s  about biosphere i mporta nce, its 
futu re a n d  prob lems, natura l  p lants i nfl uent ia l  factors and d istri but ion (Al i ,  et a l . ,  
2006/2007)  
I n  each cha pter there a re ma ps, charts and  Ta bles reflect the contents of  the 
cha pter .  
In the text book more e laborat ion i s  g iven on remote sensi ng  and  Geogra ph ic  
I nformation Systems ( G I S ) .  The leve l  of students i s  su itab le to i ntroduct ion of GIS 
concepts such as the main com ponents ( h a rdware, software, data,  peop le  and 
methodology)  a n d  ma in  fu nction s  such as i n put, processi ng and output ( Figure 
3 . 1 7 ) .  Students a re a l so exposed to the pri nc ip les of remote sensi ng such as 
rad iat ion ,  reflect ion from objects, record i ng by satel l ite, send ing  s igna l  to g round 
receiver, convers ion  of the s igna l to i mages and processi ng  of the i mages and then 
convers ion  of the i mage i nto maps that can be ut i l ized by various app l icat ions such 
46 
as env iro nment and  c l imate ( Figure 3 . 1 9 ) .  The new (2007/2008) text book for 
g rade 1 0  i nc ludes more a bout remote sens ing and  G IS . 
.;t.:..I1 
Figu re 3 . 1 7 :  G IS Concept 
Sou rce : Ali et a l .  , 2006/2007 
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Figu re 3 . 1 8 :  Remote sens ing  record the weather 
Source : Al i  et a l . ,  2006/2007 
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Figu re 3 . 1 9 :  Remote sens ing  advantage 
Source : Al i  et a I . ,  2006/2007 
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Genera l ly ,  Geog ra phy text books i n  UAE for grade 4 to grad 9 i nc l ude geograph ica l  
concepts such as m a p  read ing ,  map  des ign ,  use o f  coord inate system, use o f  sca le 
and  d i rect ion . 
Grade 1 0  text book devotes more room for the d i scussion of remote sens ing a nd G IS 
concepts and  the ir  a p p l i cat io n s .  A l l  the text books move with students from 
exp lorat ion stage to crit ica l th i n ki n g  stage i n  a very log ica l  and smooth way . 
3 . S  Questionna ire for the teachers 
3 . S . 1  I ntrod uction 
The objective of th is  q uestion n a i re i s  to  u ndersta nd the knowledge of Geogra phy 
teachers in computers, ma ps, and Geogra phica l  concepts, G IS a nd Remote Sens ing 
Sk i l l s  and  thei r w i l l i ng ness to i ntroduce G IS in  schools .  Th is  wi l l  he lp  i n  any p lan  for 
i ntroduct ion of G IS i n  Schools for management and  i n  the cu rricu l u m .  
The questionna i re h a d  been desig ned with 3 1  quest ions putti ng i n  to account d i rect 
feed back, e . g .  questions  a re made short, c lear a nd s imp le  (Appendix A) 
• Quest ions 1 a n d  2 addresses general  i nformation a bout the schoo ls  and 
percentage of ma le  a n d  fema le  geogra phy teachers i n  Abu Dhab i  secondary 
schools .  
• Quest ions 3 to 6 address i nformation a bout us ing  com puter and Internet a nd 
how long t ime spend ing  us ing them every day .  
• Questions  7 to 1 0  exa m i n e  the knowledge of softwa re and hardware .  
• Questions  1 1  to  1 9  exam i n e  the  know ledge of  map sca le,  d istance and 
d i rect ion .  
• Question 20 add resses new mapp ing  technology such as Goog le earth  
• Questions  21  to  24 address the  background of  Geog ra ph ic  Information 
systems and Remote Sensi n g .  
• Questions  25 and  26 address the acceptab i l i ty of geography teachers to the 
idea of i ntroduc i ng G IS in schoo ls  cu rricu l u m .  
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• Questions 27  to 30 address the ava i l a b le  of IT i n frastructure faci l it ies 
( h a rdware )  in schools .  
• Questio n  3 1  check on  the school Adm i n istrat ion su pport to GIS . 
3.5 . 2  Ana lysis and results of the Questionna ire 
Sample Size:  
The q uestion n a i re was d i stri buted to 23 private and  governmental  schools  out of  
tota l 71  Schoo ls .  These 23  schools  represent a bout 32% of tota l 7 1  schoo ls  (with 
g rad 1 0 ) .  Data a bout school s  were obta i ned from Abu Dhabi Education Zone, the 
questi o n n a i re tries to fi nd  out the w i l l i n g ness of secondary school geogra phy 
teachers and School  a d m i n i strat ion to the use of G IS in thei r cu rricu l u m  and 
a d m i n i strative activit ies . The survey was carried out between M a rch and May 2007,  
and  it was d i str ibuted among the 23  schoo ls  ( Figure 3 . 20 )  to 72  geography teachers. 
64 teachers (40% ma le  and 60% fema le)  have repl ied to the questionna i re,  and th is  
i s  equ iva lent  to 90 % of 72  teachers.  The n u m ber i n d icates h igh  response to the 
survey . 
75% of the teachers a re us ing  computer more than 5 years and on ly 5% are us ing it  
for 1 -2 years, this i n d i cates that they are fa m i l i a r  with com puters, that represents 
one of the G IS components ( ha rdware, softwa re, people, data and methods) ( Figure 




















F igure 3 . 2 0 :  Govern mental  and  private schoo ls  that part ic ipated i n  the survey 
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Fig u re 3 . 2 1 :  Percentage of teachers who a re us ing  computer 
5 1  
Genera l
.
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Fig u re 3 . 2 2 :  Percentage of the teachers who a re fa m i l ia r  with computer devices 
Quest ions 1 1  to 19 study the backgro u nd of the teachers a bout read ing  map .  95% 
of teachers a n swer questions from 1 1  to 1 4  correctly ,  the lowest rate was for 
quest ion n u m ber  1 6  and  17, those a re a bout d i rection  and  d i stance.  Teachers have 
used the name of the road for the d i rection  (exa m ple AI Corn ish road)  and for the 
d i stance they est imate i t  without us ing  a ru ler and sca le therefore the a nswer was 
not accu rate.  Quest ion n u m ber 1 5  wh ich is a bout the date of produc ing the map,  
44% confuse between the date of product ion and date of acqu is i t i on .  Question  
n u m ber 18 a bout  the  satel l ite data used i n  the  map ,  1 5% keeps i t  em pty and 24% 
a nswered i t  wrong l y .  
Educat ion Backgrou nd : 1 3% o f  t h e  teachers have Bachelors i n  Remote Sensing a n d  
1 0% o f  have bachelor i n  GIS  whereas as 14% o f  teachers have stud ied cou rses i n  




1 0% 1 3% 
1 0 0/0 3 
I 
I I 4% 1 I 
Bachelar/ GIS Course/ GIS Bachelar/ RS Course/ RS 
Figu re 3 . 2 3 :  Educationa l  Background  of the teachers 
Goog l e  Ea rth : 90% of teachers a re us ing Goog le  Earth and other 1 0% are w i l l i ng to 
l earn the Goog le  earth  softwa re .  
G IS i n  Schoo l s :  52% o f  respondents strong ly  agree on  t h e  statement that 'GIS will 
enhance spatial thinking and problem solving of the students ' and  36% were just 
agreed wh i le  4% of them were d i sagreed with the statement and  a nother 8% were 
not commented o n  the statement ( Figu re 3 . 24 ) .  
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• No answer 
Fig u re 3 . 24 :  Percentage of teachers who support i ntroduction of GIS i n  schoo ls  
Softwa re Knowledge : Out  of a l l  the respondents 37%, of the teachers know how to 
use ent i re M icrosoft office software package and other spreadsheet packages for 
d a i l y  academic  a n d  office work and  33% of the teachers know how to use the 
M icrosoft Office o n ly where as 1 5% of the teachers know only to use power poi nt 
( Fi g u re 3 . 2 5 ) .  
A l l  schoo l s  have com puter l a bs with capacity between 2 0  - 3 0  pes with d i fferent 
models (P I l I ,  PIV) a n d  one school i ntroduc ing la ptop for its students from g rade 7 .  
Th is  i nd icates there is  a good hardware in frastructu re for i ntroduc ing G I S  i n  schoo ls .  
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F igure 3 . 2 5 :  N u m ber of teachers who are fam i l i a r  with i ntroduction of M icrosoft 
Office and  other Softwa re 
School Adm i n i stration : A l l  schools a d m i n istrat ions of surveyed schools  a re wi l l i ng to 
use GIS  i n  the i r academic  cu rricu l u m  and  a re w i l l i ng to use the GIS too ls  and 
software in  the ir  da i l y  Schoo l  Adm i n i strative and  log ist ic activit ies and are fu l ly 
su pporti ng  these new techno log ies .  
Problems faced : 
.:. Delays i n  rece iv ing  responses, o n l y  5% responded i n  t ime and 95% have 
taken a bout 3 to 10 days for the i r  fi n a l  responses . 
• :. 75% of the schoo l s  request approva l from Abu Dhab i  Education Zone.  
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.:. T im ing  was a nother prob lem,  confl ict between the work ing  hours of the 
author and  the schoo ls  work i ng hours ( 7 . 30Am to 2 . 30Pm ) and d i fficu l ty to 
take leave from work . 
• :. The language,  some teachers requested the questionna i re to be i n  Arab ic  
language .  So  I have to  trans late the questionna i re into Ara bic .  
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Chapter 4 
G I S  An a lys i s  fo r Sch oo l s  
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Chapter 4 
GIS Analysis for Schools 
The objective of th is  chapter i s  to i l l ustrate the methodology of GIS database 
deve lopment for Abu Dhab i  Schools and  to present the resu lts of GIS ana lysis and 
Tool deve lopments for Abu Dhab i  schoo ls .  The Fol l owing  GIS ana lyses a nd Tool 
deve lopments were carried u nder th is  study : 
.:. G IS  data base development of Abu Dhab i  Schoo ls  . 
• :. Corre lat ion ana lys is between students, populat ions and schools . 
• :. Serv ice a rea ana lys is  for selected schoo ls  . 
• :. Spat ia l  d i stri but ion and  Hot Spot Ana lysis of schools  . 
• :. S ite select ion  Ana lys is for new schools . 
• :. Network System for shortest and  best routes . 
• :. I nteractive GIS based School  F inder Too l .  
4 . 1 G IS database d evelopment for Abu Dhabi  Schools 
A com prehens ive GIS database was developed for a l l  the 71 schools of the Abu 
Dhab i  I s land .  Th i s  data base was prepared us ing ArcGIS in  Geodatabase format. 
The fi n a l  Geodata base cons ist of fou r  Feature datasets and each feature dataset 
conta i n s  re leva nt  feature c lasses (Tab le 4 . 1 ) .  
Data 
Roadedqe and Centerl i ne  
Attri bute of Popu lat ion 
D istricts 
Attri bute of the Schoo l s  
Locat ion o f  t h e  Schoo ls  
Source 
Abu Dhab i  water and E lectric i ty Authority 
Depa rtment of pla n n i ng and Economy 
Depa rtment  of  plan n i ng and  Economy_ 
Abu Dhab i  Education Zone 
Abu Dhab i  water and E lectric ity Authority 
Ta b le  4 . 1 :  Data and the source 
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M ethodology:  
-----
Mul  t i p le  Data fi les 
with d ifferent formats 
1 Data collection I 
[ Data Processing I I 
Projecting al l  data on 
to a common datum 
Popu lat ing 
Attributes 
Creating Geodatabase 
with d ifferent layers 
1 r-t'--- --
Geodatabase 
Converting to S hape 





F igure 4 . 1 :  Methodo logy of creat i ng  the school Geo database 
Spat ia l  Data a n d  attri bute i nformat ion were col lected from d i fferent orga n izat ions i n  
Abu  D h a b i .  Abu  Dhab i  sate l l i te i mage ( IKONOS-2006) ,  Abu  Dhab i  Zones & D iv is ions,  
Roads,  centerl i ne ,  l ocat ion and na mes of the schools  were co l l ected from Abu Dhabi 
water and  e lectr ic ity authority (ADWEA) as shape fi les .  Information about the 
schoo l s  such as name of the schoo l ,  grade, gender, n u m ber of students, Te lephone 
59 
and  Fax n u mbers were co l lected from Abu Dhab i  Educationa l  Zone as Excel and PDF 
fi les .  Popu lat ion data of Abu Dhab i  Is land was co l l ected from Department of  
Economy and P la n n i ng as PDF fi les .  
Later v is ited Abu Dhab i  Educat ion Zone and  co l l ected the attri bute i nformation ,  such 
as N a me of the school ,  g rade,  gender, n u m ber of students, Te lephone and Fax 
n u m bers, for 7 1  schools i n  Abu Dhab i  Isl a n d .  
A l l  the data and  layers gathered from d i fferent depa rtments were i n  d ifferent formats 
and  on d i fferent projection  systems.  Al l these data sets were converted to ESRI 
Shape fi le  format and brought  onto a com mon Projection System 
( UTM_WGS84_Z0N E4 0 N )  then co l l ected attri bute data were added to each layer 
us ing  ArcGIS softwa re ( Fi g u re 4 . 1 ) .  Then a l l  the shape fi les were c lassifi ed i nto 3 
d i fferent  themes v i z .  Schools theme, Roads theme and  Populat ion theme ( Figure 4 . 2 )  
Later a Geodata base w a s  created In  ArcGIS ArcCatalog us ing the same c lassifi cat ion 
system i . e .  i t  conta i n s  3 feature datasets for 3 themes . Then each theme shape fi les 
were exported to Geodata base featu re datasets i nd iv idua l l y .  F igure 4 . 2  g ives a 
deta i l ed p ictu re of the resu l ted Geodatabase and feature datasets . 
AbuDhabi _Schools. mdb 
+ � Analysis_results 
Population 
� Pop_6_1 8_dlst 
Bl Population_dlst 




'. ' Road_signals - 't)l Schools 
Bl AI_ nahada _Service _ centriods 
AIJ awad_servlce_ Centnods 
No _Schls jn _each _zone 
School....pts 
§ Umamrnar _Servlce_centnods 
Fig u re 4 . 2 :  The three ma in  feature datasets 
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School dataset: 
This dataset conta i ns deta i led data base of 71 schools  with their locations as feature 
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4J L,hezeh Model School 
The Amellcan inlernat1On8l School 
AI ittJhad odel School 
AI Worood Academy SChool 
Salah Udd., Private SChool 
The Brrtlsh School AI Khuba�at 
< 
Record !!L.�JI 1 �� 
Popu lation dataset: 
Show fAil 
1 969 K·1 2  
1 990 K·9 
o K·6 
o K·7 
1979 K·1 2 
1 997 6·9 
1 995 K·1 2  
1 999 1 0·1 2 
1 982 K.1 2 
o , ·9 
1 968 K·1 2 
f & M  
F & M  
F & M  
F & M  
F & M  
M 
F & M  
M 
F & M  
F & M  
F & M  
Selected I Records (0 out 01 71 Selected ) 
488 
1 80 









Tab le  4 . 2 :  attri bute of the schoo ls  
4452500 4459237 
6415912 6420253 
681 8852 681 8853 
641 2960 641 2961 
1 641 7773 641 8958 
2 6676800 6676966 
2 4444333 4444005 
6665880 6659533 
2 4447655 4449732 
4452552 4463554 
4462280 4461 91 5 
) 
· 1 
This dataset conta i ns deta i led data base of populat ion for a l l  33  sub d istricts of Abu 
D hab i  Is land . Popu lat ion data col lected in d i fferent age g roups as shown below. 
1 )  Popu lat ion aged from 0 to 5 years 
2 )  Popu lat ion aged from 6 to 1 8  years 
3 )  Popu lat ion aged from 1 9  to 2 5  years 
4 )  Popu lat ion aged from 25 to 40 yea rs 
5 )  Popu lat ion aged 45  years and 
6 )  Tota l Popu lat ion 
(Ta ble 4 . 3 )  shows the tota l popu lat ion data co l l ected for the 33  Sub d istricts 
v 
62 
2 AI Mine 27 87 51 7 965 
3 Madmu Za 6253 1 0602 6544 21 1 07 1 2061 56567 
4 AI Ohalra 3069 4992 3373 1 0934 61 94 28562 
5 AI Wahda 2937 4238 2502 8292 4457 22432 
6 Hadbet AI 1 381 2464 1 386 3355 1 787 1 0423 6467 
7 AI Metlsr 263 450 252 707 234 1 953 246 
8 1 0 791 6 1 2974 9266 29567 1 6407 761 30 26225 
9 Qesr Al Ba  0 0 28 79 64 1 70 35 
1 0  lOX 258 21 7 293 782 4 1 9  1 959 541 
631 1 01 3  664 21 61 1 1 09 5591 5776 
3497 6535 3691 8586 4434 26844 6443 
290 451 492 21 72 924 4336 241 2  
1 4  AI larkazi 1 036 2097 1 271 3497 261 7 1 05 1 8  22698 
1 5  AI lanhal 3856 6668 3582 1 1 1 63 5943 31 2 1 2  1 6533 
16 AI Butaln 569 '1 1 99 981 2328 1 240 631 7 1 881 
1 7  AI Hlsn 1 1 34 2204 1 336 4061 2676 1 1 4 1 3  21 832 
1 8  AI Oab,YY8 442 382 232 794 365 2205 3938 
1 9  AI Karama 1 51 6  2568 1 407 4392 2762 1 2647 1 0497 
20 AI Mushnl 1 659 2602 1 832 4444 2463 1 3000 1 976 
21 AI Slarat 9 1 6  27 52 42 1 46 73 
22 AI Madlna 1 1 9  21 9 1 67 364 306 1 1 95 31 0 
23 AI Maquta 2 4 73 247 289 61 5 1 40 
24 AI khahdl 1 1 67 2545 1 363 3403 2985 1 1 463 1 5955 
25 AI Rawdha 291 684 354 959 683 2355 2046 
26 AI Res AI 0 0 0 0 0 1 0 
27 A,I Kubrra 63 274 1 56 343 385 1 221 1 034 
28 21 0 '  1 1 27 1 775 1 403 2977 1 349 6631 1 233 
1 030 1 91 9  1 401 2703 1 323 8376 6261 
1 026 21 05 1 01 6  2485 1 657 8291 5852 
1 53 307 1 31 377 289 1 257 1 050 
225 423 252 545 2 1 2  1 657 1 466 
1 23 242 208 339 305 1 21 7  345 
( 
Record �.-!JI o 2.l..!..'.. Show fAil Selected 1 Recolds (0 out 01 33 Selected ) Options - I 
Ta b le  4 . 3 :  Attri bute of Populat ion 
Later popu lat ion Dens i ty per Square K i l ometer was ca lcu lated for a l l  the 33 Sub 
Distr icts us ing  the fo l l owing form u l a .  
Tota l Population o f  t h e  Sub District 
Population Density / KM 2 = - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Tota l Area of the Sub District 
Tota l population M a p :  ( Fi g u re 4 . 4 )  shows the Tota l popu lat ion of each D istrict as 
Extrus ion  M a p .  
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Figu re 4 . 4 :  Tota l Popu lat ion 
6 - 1 8  age popu lation M a p :  ( Figure 4 . 5 )  shows the 6- 1 8  age popu lat ion of each 
D istrict as  Extrus ion M a p .  In this study this age g roup  of populat ion was considered 
as the prospective Student popu lat ion .  
F igu re 4 . 5 :  Popu lat ion ( 6 - 1 8 )  g roup age 
-
64 
Road s  dataset: 
This dataset conta i ns deta i led data base of Road centrel i nes, M a i n  Roads,  Road Edges 
and Road Pavements (Ta b l e  4 . 4 ) .  This data i s  mostly col lected from ADWEA in shape 
fi l e  format.  Some ed i t ing  has been done for c lassify ing the road types i nto Different 
categories based o n  the ir  serv ice types . F igu re 4.6 g ives more deta i l s  of the Roads 
dataset.  
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1 00 Airport Road 
1 00 Hazza Bin layed The First Street 
1 00 AI KhaleeJ AI Arabi Street 
1 00 Shlekh Rashid Bin Saeed AI Maktoum St 
t OO Hazza Bin laved The First Street 
1 00 AI Salam Street 
1 00 Airport Road 
1 00 Hazza Bin laved The First Street 
1 00 AI F alah Street 
.. ,-.,,, ... 1 ' '' '  _ _  1 _ _  . '" ... _ 1 .  f""L .• _ _  4 
9 Main Road 
2 Main Road 
1 1  Main Road 
30 Main Road 
2 Main Road 
1 1  Main Road 
8 Main Road 
2 Main Road 
1 1  Main Road 
9 Main Road v 
• t _ _  n _ _ _  I
> 
R ecord ��I 1 2J!.!.J Show fAil Selected I R ecords (0 out of 302 Selected ) O ptions 
Ta b le  4 . 4 :  Attri bute of m a i n  roads 
Problem faced in b u i l d i ng the database:  
• Lack of data , for exam ple schools i nformation l i ke n u m ber of teachers,  some 
of te lephone n u m ber  and fax n u mber a re not recorded in Abu Dhab i  
Educat ion Zone so author have to ca l l  each school a nd get the in formation as 
we l l  as the date of esta b l i shment  of the school ,  th is  ta kes considerab le  
efforts from the a uthor .  
• School i nformat ion was i n  Excel sheet as a hard copy so the author spend 
t ime in typ i n g  and convert ing  them to GIS format. 
• Popu lat ion i nformat ion was a l so i n  pdf format so the author spent t ime to 
convert it to G I S  format. 
4 . 2  Spatia l  D i str ibution 
The objective of th is  a n a lys is i s  to i nvestigate the d i stri but ion of the popu lat ion and 
the schoo l .  
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4 . 2 . 1  Populat ion d i str ibutio n :  
The observat ion o f  t h e  Popu lat ion datasets reaveled that most o f  the Populat ion i s  
concentrated m a i n ly in  North -Eastren d istr icts of the Abu Dhab i  Is land ( Figure 4 . 7 ) ,  
V iz : A I M a rkazi ,  l OX, Mad i nat Zaed, A I  M a nh a l, A I  Ohafra a n d  40X. Actua l ly  
these areas in  common a re known as Centra l Bus iness D istri cts of(CBD)  Abu Dhab i . 





Figu re 4 . 7 :  Popu lat ion D i stri but ion 
Note : H i g h l y  popu lated areas a re shown i n  b lue 
S im i l a rly If you O bserve the Populat ion in  age g roup  6 to  1 8  years which i s  
considered as  prospective students g roup is  a l so concentrated mostly i n  same 
67 
d istr icts ( Figure 4 . 8 ) ,  but other two d istricts v iz : AI Wahda, AI Khal id i  are a lso 
hav ing H i g h  concentrat ion of 6- 1 8  age g roup populat ion ( Figure 4 . 9 ) .  
� Unl"'" A,cMq Irc.(dl1of ��:� 
-" ." "'" 
21,,, 
F igure 4 . 8 :  Popu lat ion ( 6 - 1 8 )  group  age D istri but ion 
Note : H ig h l y  popu lated areas a re shown in b lue 
.J 
68 
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Fig u re 4 . 9 :  Popu lat ion 6- 1 8  g roup  age dens i ty 
Legend 
- 0 - 256 
157 - 1()..J8 
'0<19 - 3009 
_ 3010 - 6007 
If you look i nto the d istri but ion of Nation a l  and Expatri ate popu lat ion i n  6- 1 8  age 
g ro u p ,  the nat iona l  Popu lat ion(6- 1 8  years) a re d i stri buted ra ndomly  in ( north and 
east) A I  M a rkzia East,  AI  Ohafra , Mad i nat Zayed, AI  Kha l id ia ,  AI Wahda, AI H isn ,  






_ � I  Ill\) 
Fig u re 4 . 1 0 :  Nationa l Populat ion 6- 1 8  g roup  age Density 
Where as expatr iates popu lat ion ( 6- 1 8  years) a re concentrated in north east of 
Is land  cons ist ing of AI M a rkz ia East and  West, Mad inat  Zayed and l DX d istri cts 
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F igure 4 . 1 1 :  Expatri ates Popu lat ion 6- 1 8  g roup age Density 
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Nat iona l  popu lat ion a re concentrated more i n  22  DX ( 1 2%) where the residence 
houses and  v i l l as  a re exist i ng . On the other hand Expatriates popu lat ion are 
concentrated more i n  AI M a rkaz ia East ( 1 8%) where H igh  rise bu i ld i ngs and 
res idence apartments a re concentrated ! trave l i n g  cost is less ( near work)  and 
accessi b i l i ty to the faci l it ies at the c ity center l i ke shopping ma l ls !  hospita ls ,  . . . . 
(Ta ble 4 . 5 )  
S u b District Population Nationals Expatriates 
Density (Tota l) Density Density 
AI M a rkazla East 8097 695 7403 
Madinat  Zayed 5094 824 4270 
AI Dhafra 3009 706 2303 
AI Wahda 3820 681 3 1 39 
Hadbat AI  1 5 29 706 823 
Zafa ra na 
AI M a rkaz la  West 4 5 2 5  429 4096 
AI M a n h a l  3 5 3 2  468 3064 
AI Buta i n  3 5 7  2 7 5  8 2  
AI H i s n  42 1 6  64 1 3 5 75 
AI Karama 2 1 3 1  560 1 57 1  
A I  M ushrif 396 206 189 
AI Kha l id ia  3 542 859 2684 
AI Rawdha 594 359 2 3 5  
- - -- - -
Tab le  4 . 5 :  Popu lat ion Dens i ty ( 6 - 1 8 )  g ro u p  age : Tota l !  Nat iona ls  and Expatriates 
7 1  
4.2 . 2  Schools d istri bution:  
School s  a re d i st ri b u ted randomly i n  d i fferent d i stricts of Is land and c lustered i n  the 
fi rst three d i str icts (Tab le  4 . 6 ) ;  however most of the Schoo ls  are concentrated i n  
on ly fou r  d i stricts V i z .  A I  D h afra, A I  Butain,  M a d i n a t  Zayed and 2 2 D X  with 1 2 , 8 ,  7 
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Fig u re 4 . 1 2 :  D istr ibut ion of the Schools 
AI Maquta 
Note : The n u m bers in the map with the red color i n d icate the number of schools 
72 
8 4850 




4 21 31 
4 2279 
30X 3 421 7 
AI Markazi 2 655 
.A.I Wahda 2 991 
SOX 2 31 78 
AI Manhal 2 458 
AI Rawdha 2 974 
21 DX 2 1 399 
1 0X 1 235 
AI Mlna 0 0 
AI Mattar 0 0 v 
> 
R ecord' ��I o ..!..1� S how fAil Selected I f 
Ta b le  4 . 6 :  N u m ber  of schools  i n  each d istrict 
By a na lyz ing  the N u m ber of students in each school and n u m ber of schoo ls  in each 
d i strict we can fi nd  out the corre lat ions between the n u m bers of students in each 
d i str ict with i ts popu lat ion . 
From the data Ana lys is it shows that the student dens ity i s  more i n  on ly  3 d istri cts . 
Those d i stricts a re AI  O hafra, 2 20X and 30X ( Figure 4 . 1 3 )  
73 
r 
Figu re 4 . 1 3 :  Student Density 
Legend 
StUdent Density 
O · 3SJ 
354 · 893 
894 · 1892 
. 1893 · 4364 
(Ta b l e  4 . 7 )  g ives a deta i l ed descript ion of the Nu m ber of students, Student Density, 
and popu lat ion dens i ty in each d istri ct. Accord i n g  to the Student density va lues the 
fi rst 3 p laces a re occup ied by 3 DX, 22 DX and AI Dhafra d istricts . 
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1 048 0 966321 
220 4594 3434 1 434 1 .337760 
AI Ohafra 5441 3279 3009 1 .6591 00 
AI Karama 2279 1 892 21 31 1 204804 
50X 31 78 1 768 251 1 797772 
Madlna1 la 31 57 1 51 7  5094 2.081 1 21 
AI MushriT 9557 1 453 396 6 .577452 
,.!l,1 Butaln 4850 1 444 357 3.358483 
Hadbet AI 21 31 1 322 1 529 1 .61 1 774 
.ll.I Wehda 991 893 3820 1 1 09433 
AI Rewdha 974 846 594 1 .1 50993 
40, 3492 838 1 569 4 1 66254 
AI Merkazi 655 353 8097 1 854079 
AI Manhal 458 243 3532 1 .887858 
21 0X 1 399 200 254 6 .99841 2 
l OX 235 81 4469 2 .902955 
AI Mlna 0 0 7 7 968434 
,.!l,1 Mattar 0 0 57 7 .95471 3 
0 0 0 4 .827833 
0 0 60 3 .620539 
0 0 4525 0 463385 
0 0 421 6 0 522759 
0 0 682 0.559953 
AI Sfarat 0 0 8 2.000431 
,8,1 Madlna 0 0 57 3 .853935 
AI Maquta 0 0 4 .3781 64 
0 0 3542 0 .71 8451 
.8,1 Res AI 0 0 0 2 .20881 5 
0 0 232 1 1 8041 5 
0 0 1 486 1 .41 6880 
0 0 256 1 1 97670 
0 0 374 1 1 30323 
0 0 69 3.52431 7 
Ta ble 4 . 7 :  Student Density i n  each d i strict 
After ca refu l observat ion and ana lys is  of these Ta bles and  maps  and consider ing a 
spatia l  re lat ionsh i ps between the Popu lat ion (6- 1 8  years) Dens ity, School density 
and  Student dens ity .  The Fol l ow ing  correlat ions were observed and reported . 
7 5  
4.3 Correlat ion a n a lysis between students, populations and schools 
The objective of th is  ana lys is  i s  to i nvestigate spatia l  d istri but ion of the schools with 
respect to popu lat ion dens ity and  to study the re lat ionsh ip  between popu lat ion 
density and student dens ity i n  each d i stri ct. 
4. 3 . 1  Correlation between School Density and Student Density. 
A d i rect posit ive corre lat ion has been observed between the School Density and 
Student  density.  Th is  ca n be justif ied as the n u mbers of schools a re i ncreas ing I n  
each d i str ict the student n u m ber i s  a lso increas i ng ( Figure 4 . 1 4a ) .  Th is  may not 
be true in a l l  cases . As o n l y  one school ca n have h ighest n u m ber of students 
where as other schools may have very l ess n u m ber of students. F igure 4 . 14b  
shows the pos it ive corre lat ion between the Student density and School Density.  
, 
o 1 5  
I 
3 6 Kms 
Leg en d  
I IIl1ent 0 ells ity 
LJ O -S1 
D 82 - 353 
354 - 893 
_ 894 - 1892 
_ 1893 - 4364 
Sd1ool-PIs 
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200 846 1444 1768 
Student Density 
3434 
-+- School Density 
- - Linear (School 
Density) 
y = 0. S714x + 0. S714 
If = 0. 6 103 
Figu re 4 . 1 4 b :  Student density a n d  School Density 
4 . 3 . 2  Correlat ion between Populat ion ( 6- 1 8  years ) density and School 
Dens ity 
No corre lat ion has been observed between the populat ion ( 6- 1 8  years) Dens ity and 
school densi ty .  Th is  ca n happen ,  beca u se the schools a re d istri buted randomly i n  
Abu D ha b i  Is land and  genera l ly i n  open and  ca l m  areas a n d  every body prefer to 
sta rt a school i n  a p lace wh ich is free from a l l  type d isturbances ( Figure 4 . 1 Sa ) .  Thus 
there is  no  correlat ion between the popu lat ion density and School Density. 
Fig u re 4 . 1 S b shows that there is  no correlat ion between Popu lat ions Dens ity (6- 1 8  






PopUl ation Density 6-18 
0 - 69 
70 · 682 
683 . 2131 
2132 - 5094 
. 5095 - 8097 
SchoOl$ 
Fig u re 4 . 1 Sa :  Popu lat ion dens i ty (6 - 1 8 )  g rou p age and school density 
1 4  
1 2  
10 
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451 1 199 2464 4238 
Population ( 6- 18)  Density 
6668 
School Density 
- - Linear (School 
Density) 
y = 0 . 1 4 2 9 x  + 3_5238 
R2  = 0.0442 
Figu re 4 . 1 Sb :  Popu lat ion dens ity ( 6 - 1 8 )  g roup  age and school density 
78 
4.3 .3  Correlat ion between Popu lation ( 6- 1 8  years)  density and Student 
Density. 
A negative corre lat ion has been observed between the populat ion (6- 1 8  years) 
Dens ity a n d  Student density . This i s  because there is a posit ive correlat ion 
between Students dens ity and School density and then there is  a negative 
corre lat ion between the Populat ion ( 6- 1 8  years) density and School density.  
Therefore certa i n ly  there w i l l  be negative correlat ion between Popu lat ion (6- 1 8  
yea rs )  dens ity and Student Density a nd same was observed after the Data 
ana lys is  ( Fi g u re 4 . 1 6a ) .  F igu re 4 . 1 6 b  shows the negative correlat ion between 
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451 1 199 1919 2568 4238 6535 10602 
Population (6- 18)  Density 
StudenCDenslty 
- - Linear (StudenCDenslty) 
y = -69.7 1 6x + 2200 .9 
R2 = 0.0569 
Fig u re 4 . 1 6 b :  Popu lat ion dens ity ( 6 - 1 8 )  g roup  age a n d  Student density 
4.4 Serv ice Areas a n a lysis of  selected schools 
Defi n i ng serv ice a reas or  zones is  a widely supported fac i l ity with i n  many GIS 
packages.  These a reas a re typ ica l l y  d iscrete zones that a re c loser in d istance and 
t ime and serv i n g  by the selected fac i l i t ies .  These fac i l it ies ca n be Shopp ing mal ls or 
coffeehouses or  hosp ita l s  or even the Schoo ls .  
( http : //www . spati a lana lys iso n l i ne . com/outputjhtm l/Serviceareas . htm l )  
The objective o f  t h i s  a n a l ys is  i s  t o  i nvestigate the serv ice a reas o f  some selected 
schoo ls  and  the d istance from each school to the serv ice areas.  Three schools were 
selected as  a n  exam ple for ca lcu lat ion of the serv ice a reas, two of them were private 
schoo l s  and  one was govern ment schoo l .  
Selected Schools a re ( Fi g u re 4 . 1 7 ) :  
• AI N a hda I nternationa l School  
• U m  Ammar  School  for g i r ls 
• AI Rawafed private school 
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Figu re 4 . 1 7 :  The th ree selected schoo ls  for serv ice a reas ana lysis 
AI  N a h d a  Nat ional  School 
AI N a hda nat iona l  private School i s  a g i r l 's schoo l .  There a re a bout 409 Students, 
who a re coming from d i fferent d i stricts of the Is l a n d .  Al l  the addresses of the 
students were summari zed based on  d istrict name.  Centro ids of each d istrict to 
w h ich  th is  school is serv i n g  were created . Then the school po int  l ayer is added and 
the d i sta nce from each d i strict centroid was ca lcu lated ( Figure 4 . 1 8 ) .  
A I  Nahda School  serves to d i fferent d i stricts with d ifferent n u m ber o f  students (Ta b le 
4 . 8 ) ;  the m a x i m u m  n u m ber of students from one d i strict i s  100  i . e .  a bout with 24% 
of the tota l students .  Com mo n ly i t  i s  expected that the more students w i l l  come from 
nearest d i str icts, but data ana lys is  shows th is  i s  not a lways true .  It may be because 
8 1  
of the d i fferent  reasons such as,  reputat ion of the schoo l ,  School Curricu lum 
(America n or  Brit ish or  others ) ,  School fees and fac i l i t ies, and fi n a l ly the location of 
the schoo l .  
Servic ing D istricts N um ber of 
students 
M a d i nat  Zayed 2 5  
A I  Wahda 26 
l OX 28 
4 DX 55  
AI M a rkaz ia 25 
AI Buta i n  2 0  
A I  H i sn  80  
AI M u s h ri f  50 
AI Kha l i d ia  100  
Tab le  4 . 8 :  Serv ic ing  D ist ri cts w i th  N u m ber of  students of  AI Nahda  Nationa l  School 
Actua l l y  th is  i s  on ly  G I R LS Schoo l ;  most of the pa rents in this cou ntry prefer to send 
their daughter to a G i rl s  school i n stead of co-educat ion school . This school  gets 
more students from the d i stricts where fema le  popu lat ion ( 6- 1 8  years) is h i g h .  
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Figu re 4 . 1 8 :  AI Nahda Nat iona l  School Serv ice a reas 
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AI  Rawafed private school 
AI Rawafed Private School  i s  a g i rl s  and boys schoo l .  There a re about 249 Students, 
who com e  from d i fferent d istricts of the Is la n d .  Al l  the addresses of the students 
were s u m m a ri zed based on d i strict name.  Centroids of each d istrict to wh ich th is  
schoo l  i s  serv i n g  were created . Then the school po int  layer i s  added and  the d ista nce 
from each d i str ict centro id  was ca lcu lated ( Figure 4 . 1 9 ) .  
A I  Rawafed School  serves t o  d i fferent d istricts with d i fferent n u m bers o f  students 
(Tab le  4 . 9 ) ;  the max i m u m  n u mber of students from one d istrict is 35 i . e . a bout 14% 
of the tota l students. Com mon ly  i t  i s  expected that more of students w i l l  come from 
nearest d i stricts, but  data ana lys is shows th is is not a lways true .  It may be because 
of the d i fferent reasons  such as,  School offers a broad a nd cha l l eng ing e lementa ry 
to Col lege Preparatory Progra m i n  the E ng l ish l a nguage to the students of a l l  
nat iona l i t ies . D rawing  o n  the best o f  American ,  Brit ish a n d  other cu rricu l u m  models 
and sensit ive to the Arab ian  env i ron ment, the school de l ivers a comprehensive 
academ i c  educat ion in pa rtnersh ip  with pa rents .  I n  g rade 1 0  students choose to 
fol low e ither the Br it ish or the America n  Program .  The school organ i zes after-school 
act iv it ies each semester, Students a re g iven opportu n it ies to s ign up for the activit ies 
of the ir  cho ice .  The reduct ion of fees is a l so a n  i m portant factor for the parents. 
Servic ing N u mber of 
D istricts students 
AI Dhafra 30 
AI Wahda 28 
l OX 34 
4DX 32  
AI M a rkaz ia 3 1  
A I  Buta i n  3 3  
A I  H isn  26 
AI Kha l id ia  35  
Ta ble 4 . 9 : Servic i ng D i stricts with N u m ber of students of AI Rawafed private School 
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Figu re 4 . 1 9 :  A I  Rawafed private School  Service Areas 
Urn A rn rn a r  Secondary School 
\ \ 
U m  A m m a r  School  i s  a governmenta l  g i r l 's schoo l .  There a re a bout 299 Students, 
who come from d i fferent d istricts of the Is land . Al l  the addresses of the students 
were s u m ma rized based on  d i strict name.  Centro ids of each d istri ct to wh ich th is  
school  i s  serv i n g  were created . Then the school  pa in t  layer i s  added and the d i sta nce 
from each d i str ict centro id  was ca lcu lated ( Figure 4 . 2 0 ) .  
U m  Am mar  School  serves d i fferent d istricts with d ifferent n u m bers of students 
(Ta ble 4 . 1 0 ) ;  the max im u m  n u m ber of students from one d istrict is 62 i . e .  a bout 
20% of the tota l students.  There a re many factors let parents chose Um Ammar 
Schoo l ,  i t  i s  one of the schools  that  i s  associated with UN ESCO and i t  i s  associated 
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with She ik  Moha mad B in  Rashed AI M a ktom IT Education Project. I n  addition to that 
i t  teaches governmenta l  cou rses and it is free. 
Servicing N umber of 
Districts students 
AI Wahda 58 
3DX 54 
AI Butain 62 
AI Karama 55 
Ta b le  4 . 1 0 :  Serv ic ing D i stricts with N umber of students of U m  Ammar Secondary 
School 
Legend 
• Urn ammar school 
_ Distance 
No_Student 
0 54  
o �� 
0 56 - 58  
59 - 62 
Fig u re 4 . 20 : U m  Ammar Secondary School  Service Areas 
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4 . 5  H ot Spot a n a lysis 
The o bjective of th is  ana lys is  i s  to i nvestigate the c lusteri ng of students i n  schools  
and  i n  d i str icts . Th is  hot  spot ana lys is  w i l l  g ive a n  idea whether the schoo ls w i th  h igh  
n u m ber of students or  schools with low n u m ber of students tend to  cl uster or not. 
S i m i l a rly this ana lys is g ives an idea about which d i stricts a re hot spot areas based on 
the n u m ber of students i n  each d i stri ct. 
4.5 . 1 Hot spot a n a lysis  of n u m ber of students in each School 
This a n a lys is works by look ing at each school w i th in  the context of ne ig h bouri ng 
schoo ls .  If a school i s  hav ing h i g h  n u m ber of students, and the n u m ber of students 
i n  ne ig h bou ri ng Schools i s  a l so h igh ,  then it i s  a pa rt of a hot spot. The local sum for 
a school and  its ne igh bo u ri n g  schools is com pared proport iona l ly  to the sum of a l l  
schoo ls ;  when  the loca l su m is  m uch d i fferent than  the  expected loca l sum,  and that 
d i fference is  too large to be the resu l t  of random chance, a statist ica l l y  s ign i fi cant  Z 
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Figu re 4 . 2 1 :  Hot S pot Ana lys is of n u m ber of students i n  each school 
Z score Interpretation 
The Z score i s  ca l l ed as  The Gi* stati stic .  The schools  with stati stica l l y  s ign i ficant 
posit ive Z Scores ( Red co lour) are considered as more i ntense c luster ing of schools  
w ith  h i g h  n u mber of students.  And the schools w i th  statistica l l y  s ign i fica nt negative Z 
scorest ( B lue  co lou r) a re considered as more i ntense c lusteri ng  of schools w ith low 
n u m ber of students .  Other g ro u ps w i l l  ra nge in between these red and blue zones. 
Tab le  4 . 1 1  shows the deta i l s  of Z score c lass ifi cat ion and n u m ber schools with these 
va lues .  
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S. No Colou r  code ( Z  score) No of schools 
1 B lue  ( < - 2 )  1 5  
2 Cya n ( - 2  to - 1 )  1 3  
3 Yellow ( - 1  to 1 )  3 1  
4 Orange( 1 to 2 )  5 
5 Red ( > 2 ) 7 
Ta ble 4 . 1 1 :  Z score c lass ificat ion and n u m ber of schools 
After the Hot spot ana lysis i t  has been observed that the fo l lowing 7 schoo ls  (Tab le 
4 . 1 2 ) a re with H igh posit ive Z score that mea ns these a re Hot spot a reas with h igh  
n u m ber of students with h igh  loca l s u m .  
g�L-r:- lliGfi.mil1. ItI"-t:1l.lil"L"1r.ILlQP .:J.QJ� 
NAME I NUMBEROFST I GiZ1 500 I 
Rosary School 3365 3 082820 -
The British School AI Khubalr6! 1 600 3 023080 - - --
The International School Of Chouelf6! 31 1 0  2 .87881 0 -
588 3 1 08420
-' Urn Arnar Secondary School For Girls 
- - --
AI Mustqbal School 572 2 .959340 
- -
Dass School 343 3 439280 
-
_ AI Sades Mn Agustus School 509 3 082820 
Ta ble 4 . 1 2 :  Hot Spot Schoo ls 
4 . 5 . 2  H ot spot a n a lysis of n u m ber of Students i n  each d i strict 
S i m i la rly the results of the hot spot a n a l ys is  of n u m ber of students i n  each d istrict 
has revea led that the two d istricts AI  M ushrif and 3 DX ( Figure 4 . 22 )  have H igh 
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posit ive Z scores that means these are Hot spot a reas with h igh  n u m ber of students 







AI Mushrif 9557 2 .334230 
---1 
Record: ��I 
Ta ble 4 . 1 3 :  Hot Spot D i stricts 
z 
F igure 4 . 2 2 :  Hot Spot ana lys is o f  n u m ber of students i n  each d istri ct 
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Ta ble 4 . 1 4  shows the deta i l s  of Z score c lass ifi cat ion and n u m ber d istricts with these 
va lues .  
S. No Colour code ( Z  score ) No of Districts 
1 B lue ( < - 2 )  0 
2 Cyan ( -2 to - 1 )  2 
3 Yel low ( - 1  to 1 )  1 9  
4 Ora nge ( l to 2 )  1 0  
5 Red ( > 2 ) 2 
Ta b le  4 . 1 4 :  Z score c lass ifi cat ion a n d  n u m ber o f  d istricts 
4.6  N etwork Ana lysis 
The objective of th is ana lys is is to fi nd  out  the shortest route from a school  to a 
house th is  w i l l  save t ime and  money,  for school a d m i n istrat ion as wel l  as student's 
fa m i l ies .  
The i n pu ts a re vector data such as the p lots, Road center l i nes, and schools stored as 
a shape fi le  format . S H P  ( Figure 4 . 2 3 )  
Us ing  the convers ion tools i n  Arc too l box app l i cat ion t o  convert the shape fi les and 
export them to the Geodata base ( Figure 4 . 2 5 )  
B u i l d i n g  t h e  Street Net from t h e  properties to t h e  Geodata base Us ing Arc Cata log 
( Figure 4 . 26 )  
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Plot.shp 
F igure 4 . 2 3 :  Abu Dhab i  Street Network 
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Fig u re 4 . 24 :  Layers that used to create the network ana lysis 
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F igure 4 . 2 5  Convers ion tools i n  Arctool box 
lrts 
AbuDhab _roads. mdb 
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2.J house 
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� StleeU,JetwOrk_Net_JunctJons 
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Fig u re 4 . 2 6 :  Street network 
Depend ing  on the length of the streets the shortest path w i l l  be ca lcu lated us ing the 
weig hts property  in the street network, the fo l lowing weight name shortest_way 
from type doub le  re lated to the road_center _ l ine featu re c lass us ing the 
shape_length fie l d  
Testi ng and  va l idat ing t h e  street network is  app l ied us ing Arcmap app l icat ion and  
ut i l ity network a n a l yst too lbar  ( F igure 4 .27 )  
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Figu re 4 . 2 7 :  The resu l t  after test ing  the street network 
The fig u res below show the results before and after us ing  the shortest route ( Figures 
28, 29, 30 ) .  
9 3  
Fig u re 4 . 2 8 :  Trace w ithout us ing the shortest path 
F igure 4 . 2 9 :  Trace depen d i ng on the shortest path weight ( Random Result)  
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Figu re 4 . 3 0 :  Trace depend ing  on the shortest path weight  ( Shortest way ) 
4 . 7  Site selection Ana lysis for n e w  schools 
The objective of this ana lysis i s  to fi nd  out  the prospect ive sites for opening new 
schools  in nea r futu re cons ideri ng the cu rrent and future dema n d .  Abu Dhabi  
M u n ic ipa l ity Pla n n i n g  department fo l lows a standard method for ca lcu lat ing the 
future demand for new schoo l s .  Fo l lowing a re t h e  formu l a s  that were considered to 
ca lcu late the requ i red n u m ber of schools i n  Abu Dhab i  Is lan d .  
N u m ber  of K inderg a rten  Schools = 
N um ber of Pri m a ry schoo ls  = 
N u m ber of U pper Primary schoo ls  = 
Nu m ber of Secondary schools = 
1 5% of the populat ion ( 6- 1 8  age)  
400 students 
40% of the popu lat ion ( 6- 1 8  age) 
500 students 
2 5% of the popu lat ion ( 6- 1 8  age) 
350  students 
20 % of the populat ion ( 6- 1 8  age) 
500 students 
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The tota l nat iona l  popu lat ion ( 6 - 1 8 )  age g roup  i n  Abu Dhabi  Is land is  2 1 626 
So by app ly i ng  the a bove formu las  the requ i red n u m ber schools a re as fo l l ows : 
N u m ber of K inderga rten Schools = 1 5% of 2 1 626 3243 
- - - - - --- - - - - - - - - 8 
400 students 400 
N u mber of Pri m a ry schools = 40% of 2 1 626 8650 
- - - - - - - - - - - - - - -- = = 1 7  
5 0 0  students 500 
N u m ber  of U p per Pri mary schools  = 25% of 2 1 626 5406 
- - - - - - - --- - - - - - - = 1 5  
3 5 0  students 350 
N u m ber of Seconda ry schools = 20 % of 2 1 626 4325 
- - --- - - - - - - - - - - - = = 8 
500 students 500 
By observ ing  the a bove results and present n u m ber of schools fo l lowing  conclus ions 
were made i n  the form of a ta b le (Ta ble 4 . 1 5 ) .  





School Type Requ i red EX isti ng New 
n u m ber n u m ber Schools  
K i ndergarten 8 5 3 
Pri m a ry 1 7  1 3  4 
U p per Pri m a ry 1 5  1 3  2 
Seconda ry 8 1 0  N o  need 
Tab le  4 . 1 5 :  N u m ber of schools needed i n  Abu Dhab i  Is land 
Now the prob lem comes where to open or  construct these new schools .  Thus i t  
requ i res a GIS  s ite selection  ana lys is for se lecti ng prospective locations satisfy ing  
some pre-defi ned criteri a .  
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Th is  objective has been achieved through deve lop ing a GIS Model  us ing ArcGIS 
model b u i lder  ( Figure 4 . 3 1 ) .  Fo l low ing criteria have been considered in deve lop ing 
the School  s i te select ion mode l .  
School Site selection criteria :  
Criteria 1 :  School s ite shou ld  be vacant parcel and i t  shou ld be owned by the Abu 
D ha b i  Govern ment .  
Criteria 2 :  New School s i te shou ld  be with i n  a quarter Ki lometre d ista nce form the 
h i g h  popu lat ion dens ity ( 6- 1 8 )  g roup  age areas.  
Cr iter ia 3 :  New School  site shou ld  be with in two Ki lometre d istance form 
recreationa l a reas such as p u b l ic gardens and P lay grounds .  
Criteria 4 :  New School s i te shou ld  be with i n  1 K i lometre d ista nce form Resident ia l  
Areas .  
Criteria 5 :  N ew School s i te shou ld  b e  at least 1 K i l ometre away form exist ing 
s i m i l a r  Schoo l s .  
Criteria 6 :  New Schoo l s ite shou ld  be a t  least 2 K i lometre away form industria l  
pol l ut ion a n d  No isy a reas. 
Criteria 7 :  N ew School  s i te shou ld  be at least 1 00 meters away from M a i n  roads .  
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Site Selection Model  for New Schools 
Figu re 4 . 3 1 :  Model  for site select ion of new school 
The a bove model was executed in ArcGIS env ironment to generate the fi na l  sites. 
Fo l lowi ng step by step procedu re exp la i n s  more deta i l s  of the model execution 
process . 
Step - 1 :  
By Us ing select b y  attri bute option ,  model selects a l l  the parcels that are vacant and 
owned by the Abu Dhab i  Government.  Fo l lowing SQL statement w i l l  be  used to  select 
the parce l s  that satisfy the criteria n u m ber one . i . e .  "School site should be vacant 
parcel and it should be o wned by the Abu Dhabi Government" 
SQL statement 
SE LECT * from Plot W H ERE Status = 'vacant'  and Owner = 'Govt' 
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Step- 2 :  
By Us i ng select by attri bute option ,  model selects a l l  the d istricts havi ng populat ion 
Densit ies (6- 1 8  age)  > 1 000 per square k i l ometer ( Figure 4 . 3 2 ) .  Fo l lowi ng SQL 
statement was used to se lect the pa rcels  that satisfy part of the criteria number two 
. i . e .  "New School site should be with in a quarter Kilometre distance form the high 
population density (6 - 1 8  age) areas. " 
SQL statement 
SE LECT * from District6 - 1 8  W H ERE Pden_6_18 > 1000 
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Fig u re 4 . 3 2 :  Popu lat ion ( 6- 1 8 )  group  age > 1 000 
These selected a reas were buffered to 250 meters by us ing buffer tool i n  order fu l l y  
satisfy t h e  criteria 2 ( Fi g u re 4 . 3 3 ) .  
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Step- 3 :  
I I 
o 3 1<'m s  
F igure 4 . 3 3 :  H i g h  Density Student Areas 
Legend 
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By Us ing select by attri bute option ,  model selects a l l  the parcels whose usage type I S  
recreationa l .  Fol lowing SQL statement was used to select the parcels  that satisfy a 
part of criteria n u m ber three ( Fi g u re 4 . 34 ) .  
S Q L  statement 
SE LECT * from P lot W H ERE USAG E_TYPE = ' REC' or 
USAG E_TYP E  = ' Playground'  
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F igure 4 . 3 4 :  Procedure o f  selecti ng  a reas with 2 Km buffer from recreat iona l p laces 
These selected areas were buffered to 2 k i lometers by us ing buffer too l in order fu l ly 
sat isfy the criteria 3 ( Figure 4 . 35 ,  Fig u re 4 . 36)  . 
.. Burrer 
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F igure 4 . 3 5 :  2Km buffer for recreat iona l  p laces 
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Figu re 4 . 3 6 :  Recreationa l  Areas with 2 Km buffer 
By Us ing  select by attri bute opt ion,  model  se lects a l l  the parcels whose usage type is  
Residentia l .  Fol low ing  SQL statement was used to  select the parcels that  satisfy a 
part of criteria n u m ber fou r  ( Figure 4 . 37 ,  F igu re 4 . 3 8 ) .  
S Q L  statement 
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Figu re 4 . 3 7 : Procedu re of selecti ng a reas with 1 Km buffer from Resident ia l  p laces 
These selected a reas were buffered to 1 k i lometer by us ing buffer too l i n  order fu l ly  
sat isfy the criteria 4 .  
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F igure 4 . 3 8 :  Resident ia l  areas with 1 Km buffer 
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Step- 5 :  
I n  th is  Ana lys is the target s ites a re for construct ing new Upper pri mary schools so a l l  
t h e  exist ing u p per pri m a ry schools  were selected b y  u s i n g  select b y  attri bute option . 
Fo l lowi ng SQL statement was used to select the schools  that satisfy a pa rt of criteria 
n u m ber five ( Fi g u re 4 . 3 9 ) .  
S Q L  statement 
SELECT * from Schools W H E R E  G RADE = '6-9'  
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Figu re 4 . 3 9 :  Procedu re o f  selecti ng  schools with 1 Km buffer from same grade 
existi ng  schoo ls  
These se lected U pper Pri mary Schools were buffered to  1 k i lometer by  us ing  buffer 
tool i n  order fu l l y  satisfy the criteria 5 ( Figure 4 .40 ) .  
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Step- 6 :  
) 
I 









• &110013 6 0 9  
1 1  m 8  er 
Figu re 4 .40 : Ex ist ing Schools  (same g rade)  with 1 km buffer 
By Us ing  select by attri bute opt ion,  model selects a l l  the pa rcels whose usage type is  
Ind ustria l  and Ai rports . Fol lowing SQL statement was used to  select the pa rce ls  
that sat isfy a part of criteria n u m ber S ix  ( Figure 4 . 4 1 ) .  
SQL statement 
SE LECT * from P LOT W H ERE Type = ' I N D '  and 
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Figu re 4 .4 1 : Procedu re of select ing  a l l  the pa rcels  whose usage type is  Industria l  
and  Ai rports 
These selected a reas were buffered to 2 k i lometer by us ing  buffer tool in order fu l l y  
sati sfy the criteria 6 ( Figure 4 . 4 2 ) .  
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F igure 4 . 42 : Po l l uted and no isy areas 
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Step- 7 :  
By Us ing  select by attri bute option ,  model selects a l l  the M a i n  Roads from Road 
Center l i ne layer,  Fo l lowing SQL statement was used to select the Roads that satisfy 
a part of criteria n u m ber Seven ( Figure 4 . 40 ) ,  
S Q L  statement 
SE LECT * from Center l ine W H E R E  Type = ' M a i n  Road'  
.z::;:: layers 
- 0 sd'-k_b_q 
- 0 Schook 
- 0  
- aI other Y3 
Et.ABlEr 
- 0  
- 0 , ........... 
- 0 PeoeY-.onaI 
• 
--' � \j'a':"art 
• 
- !3 5tLd_�_�!I) 
- 0 Do5troctb-I6 
o 
- 0 Plot 
- 0 c.m:t 
Edlto( .. 
L� F?> Center�e 
r Only �� £eieCl.!lble: kly�u. "  IhIs Itst 







SELEC • FROM Cent .. ,,"" WHEAE 







['� ' "�"� : 
� � � � �  
L£J �  em. I 
It? ... 
:oJ 
.. ..  r--3 • � 
r-----------�. � � I 
Fig u re 4 . 43 : The procedu re of selecti ng  roads centerl i ne  with 1 00m buffer 
These selected M a i n  Roads were buffered to 1 00 meters by us ing buffer tool in order 
fu l ly  satisfy the criteria 7 ( Figure 4 .44) ,  
107 
Step- 8 :  
I I 
o 3 Vm s  
Figu re 4 . 44 :  Ma in  roads w ith 100m buffer 
Legend 
M ain Roads 
1 00M Buffer 
Based on criteria descri pt ions a l l  the resu l ted areas have been g rou ped i nto two 
categories as accepted zones and  u naccepted zones.  Then a l l  the layers of accepted 
zones ( Figure 4 . 4 2 )  a re com b ined together by g iv ing each layer same Weight equa l  
to  1 .  U n ion  too l  has been used to  comb ine  the  a l l  layers . 
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Step- 9 :  
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Fig u re 4 . 4 5 : Tota l  weights of a l l  the accepted areas 
S i m i l a rl y  a l l  the u naccepted layers ( Figure 4 .46)  v iz . Ex isti ng  Schools  buffer, M a i n  
Roads Buffers a n d  Po l l u tion  and Noisy a reas buffer, were combi ned together i nto 
s ing le  layer by us ing  u n ion  tool 
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Step- 1 0 : 
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Fig u re 4 . 46 : Un ion  of a l l  u naccepted areas for new schoo ls 
In this fi n a l  step the two layers,  one is accepted a reas and second is  u naccepted 
a reas (Ta ble 4 . 1 6 )  were com b i ned together us ing Un ion  too l .  Before these two layers 
were com b i ned each layer was g iven a u n ique I D  as shown below. 
S . N O  Layer U n i q ue-ID 
1 Accepted Areas 100  
2 U naccepted a reas 200 
Ta ble 4 . 1 6 :  Accepted a nd Un  accepted a reas 
After the u n ion  of the two layers the resultant layer w i l l  have the two u n ique IDs 
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Ta ble 4 . 1 7 :  Attri bute of accepted and  u n  accepted areas 
The a reas wh ich  a re fu l l y  in the accepted zones (Accep_ID = 1 00 )  but not in the 
u naccepted zone ( UnAcc_ID = 0) were selected us ing the select by attri bute too l .  
Fo l low ing  S Q L  Statement w a s  used to select h e  fi na l  prospect ive areas for new 
schoo l s  ( Figure 4 . 4 7 ) .  
S Q L  statement 
SE LECT * from Accp_Unaccp_u nion WH ERE Accep_ID = 1 00 an
d 
U nAcc_ID = a 
1 1 1  
I I 
o � 7 K'm s  
...... 
Legend 
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Weights 
Fig u re 4 . 4 7 :  F ina l S i tes for New Schoo ls .  
The  fi na l  sites were ran ked i nto fou r  categories based on  the i r  weights rang ing from 
1 to 4. More Weightage i nd i cates more favourab le  condit ions for open i ng new schoo l .  
Pa rcels  with Weig htage equa l  t o  4 ca n b e  strong ly considered for open i ng new Upper 
pri m a ry  Schoo l s  than other parcels .  
4.8 Development of an  Interactive GIS based School F inder Tool 
The m a i n  objective of th is  tool development i s  to make the School database eas i ly  
ava i l ab le  for every body . With  very l i tt le knowledge of  computers one  can  eas i ly  
search a n d  ana lyze the ent i re school data base by  usi ng  th is  too l .  Th is  tool has been 
developed by us ing  the Visua l  basic for App l icat ion (VBA) in ArcGIS softwa re .  This 
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tool g ives a n  easy way to fi nd  School  locat ions and their  data base for admin istrates 
or Parents, for that mater or for any stakeholder of the schools .  
User ca n use any  of  the fo l lowing criteria  to fi nd the schools  of thei r i nterest as 
shown be low.  
1 .  F inds  schools b y  District ( Figure 4 .48)  
2 .  F inds schools by Grade ( Figure 4 .48)  
3 .  F inds  Schools by  ' School Name'  ( Figure 4 .48)  
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F igure 4 . 48 :  F ind  schools by d i strict, grade or school name 
F i n d s  schools by District 
I n  Th i s  opt ion,  the D i strict combo-box pu l l s  a l l  the d istricts names from the schoo ls  
attri bute ta b le  a nd l i st in  the box . User  ca n use the mouse to  select any d istrict 
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Figu re 4 .4 9 :  F i n d  schoo ls  b y  d i strict 
Once the user selects the desi red d i stricts from the d ropdown l ist of D istricts, 
automati ca l l y  a l l  the School s  wh ich a re fa l l i ng u nder that d istr ict bou ndary w i l l  be 
selected and  cou nted ( Fi g u re 4 . 5 0 ) .  These counted n u m bers w i l l  be reported on the 
tool bar  as n u mber of schools in the d i str ict .  
riij • - 0 Schools • - 0 zoneSchoois 
o 
+ 11 103891 
School nnde, V1 rEJ 
Number 01 Schools: 7 
Fond by Grade Pnd by Name 
::::J 1 Gr ode ::::J I School 
Show 
Figu re 4 . 5 0 :  The resu l t  reported on  the too l bar  as n u m ber of schools  
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The selected d i strict bou n d a ry w i l l  be h igh l i ghted with l ight b lue  co lor ( Figu re 4 . 5 1 ) .  
Then user  ca n c l i ck o n  the Show button to zoom to the se lected D istrict bou ndary 
( Figure 4 . 52 ) .  Then the tool Zooms to the selected D istri ct and d isplays the name of 
the D i str ict .  A l l  the schools that are i ns ide th is  selected d i strict w i l l  a l so be d isp layed 
with the i r  School  na mes.  
Th is  opt ion i s  very usefu l to a l l  of the peop le  who want to know the locations and 
deta i l s  of a l l  schoo l s  in  any  d i strict.  
_-.-.. ' 
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Figu re 4 . 5 1 : The resu l t  of the selected schools  shown i n  the map 
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Fig u re 4 . 5 2 :  Zoom to the selected schoo l s  i n  the map 
.] 
S i m i l a rly the other two opt ions w i l l  g ive easy way for the user to fi nd  l ocations and 
deta i l s  a l l  the seventy one Schoo ls  based on  the G rade level avai la ble and by thei r 
School names.  
1 16 
Chapter 5 
S u m m a ry a n d Co nc l us i on  
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5 . 1  S u m m a ry 
C h a pte r 5 
S u m m a ry a n d Conc l u s i o n  
Geog ra p h i c  I nformat ion Systems ( GIS)  had seen wide app l icat ions i n  schoo ls .  This 
ranges from its use in the ir  ma nagement to its i nc lus ion in the cu rricu l u m .  For 
examp le ,  G IS  had been used i n  enro l ment, school  fac i l i ty ma nagement, fi nd ing the 
fastest route between schoo ls  and houses, spatia l  d istri but ion of schoo ls ,  s ite 
select ion for new schools,  and  hot spot a n a lys is .  
After sett i n g  the main objectives and  the methodology of the thesis, the author 
made a profi l e  across GIS educat ion and a pp l i cat ions in UAE . I n  the educationa l  
pa rt ,  the thes is  h i g h l i g hted the i ntroduction of GIS i n  the undergrad uate and 
g raduate stud ies  at the UAE Un iversity and reviewed i n  depth the GIS concepts 
i m peded i n  geogra phy text books for grade 4 to 1 0 .  The work a l so i ncl uded a survey 
to Geog ra phy teachers to check their  read iness, perception ,  and ava i l ab i l i ty of IT 
i n frastructu re that w i l l  su pport i ntroduct ion of GIS at school l eve l .  I n  the  app l icat ion 
part, the thesis gave a n  overview a bout GIS i mp lementat ion in some governmenta l  
departments as  "exam ples" such as  i n  Abu D h a b i  Department o f  M u n ic ipa l i t ies a n d  
Ag ricu l tu re, D u ba i  M u n ic ipa l ity, and  S h a rj a h  M u n ic ipa l ity . The objective o f  reviewi ng 
GIS education and app l i cat ions is to show that there a re good steps taken in the UAE 
at  the U n ivers i ty level and in the govern menta l  departments in im plementation of 
GIS .  Now it  i s  a su i tab le  t ime to tra nsfer the experience to school leve l . 
118  
The a uthor took Abu D ha b i  Is land as a study case and e laborated and showed i n  a 
v iv id way how GIS  ca n be ut i l i zed to he lp  school admin istrators to mange their  
schoo ls .  
5 . 2  Conclus ion 
A com prehens ive GIS  data base was developed for the schools  of Abu Dhab i  Is la n d .  
The data base cons ists o f  fou r  feature datasets a n d  each featu re dataset conta ins  
relevant  feature classes ( schools,  popu lat ion,  roads, d i stricts) . The data had  been 
ed ited and org a n i zed to a common format. In formation about the schools i nc luded 
attri bute such as name of the school ,  g rade, gender, n u mber of students, te lephone, 
a n d  fax n u m bers .  The dataset for popu lat ion conta i ned deta i led attri bute for a l l  the 
33 sub d i stricts of Abu D ha b i  Is land such as age g roups (0  to 5 years, 6 to 1 8, 19 to 
2 5 ,  2 5  to 40 ,  4 5  yea rs and  above ) ,  gender, etc . Network database that w i l l  he lp  i n  
fi n d i n g  o u t  the shortest route between schools a n d  houses a n d  may resu l t  i n  savi ng 
t ime and money was a lso developed . 
Spatia l  Data and  attri bute i nformation were co l lected from various organ izat ions such 
as Abu Dhab i  Water and E lectric ity Authority (ADWEA), Abu Dhabi Educat iona l  Zone, 
a n d  Depa rtment of P lan n i ng and Economy.  Although of the lengthy t ime spent and 
the prob lems faced in  bu i ld ing  the GIS database for Abu Dhab i  school s, it  i s  
cons idered a m i lestone and  a fou ndat ion for any  future work re lated to  the use of 
GIS  for schoo l s .  
G IS  a n a l ys i s  showed that majority o f  t h e  popu lat ion i s  concentrated ma in l y  i n  North­
Eastren d i stri cts of the Abu Dha b i  Is land at the Centra l Busi ness D i stricts (CBD ) .  
S i m i l a rly ,  the popu lat ion i n  age g ro u p  6 to 1 8  years that i s  considered a s  prospect ive 
students g ro u p  is a l so concentrated most ly in same d istricts . The reason for th is  
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concentrat ion may be the ava i l ab i l ity of a partments i n  the h igh rise b u i l d i ngs that 
have less rent  than v i l l as  out side the CBD, trave l i ng  cost i s  less near work, and 
accessi b i l ity to the fac i l i t ies at the city center l i ke shopp ing ma l ls ,  hospita ls ,  etc . 
Schools a re fou n d  randomly d i stributed i n  d i fferent d istricts of Abu Dhabi Is land a nd 
c lustered i n  AI D hafra , AI Buta i n ,  and Mad i nat Zayed . By ana lyz ing the N u m ber of 
students i n  each school and  n u m ber of schools i n  each d istrict i t  was fou nd out that 
there is  posit ive corre lat ions between the numbers of students in each d istrict with 
its popu lation . A d i rect posit ive corre lat ion has been observed a l so between the 
school densi ty a nd student density .  Th is  ca n be justified as the numbers of schools  
a re i ncreas ing  i n  each d i strict the student n u m ber is  a lso i ncreasi n g .  Th is  may not  be 
true in  a l l  cases . As o n l y  one school ca n have h ighest n u mber of students where as 
other school s  may have very less n u m ber of students.  
A negative corre lat ion has been observed between the populat ion (6- 18 years) 
dens ity a nd school dens ity .  This can happen,  because the populat ion i s  mostly 
concentrated in h i g h  rise b u i ld i ngs  and h igh ly  dense hous ing a reas where as schoo ls  
l ocat ion i s  genera l ly i n  open and  ca l m  a reas a nd every body prefer to  sta rt a school 
in a p lace wh ich i s  free from a l l  types of d i stu rba nces . This is why most of the 
schools a re l ocated out the dense popu lated a reas in Abu Dhab i  Is lan d .  A si m i l a r  
negative corre l at ion  h a s  been observed between the populat ion (6 - 1 8  years) density 
and  student  dens i ty .  
I t  i s  expected that more n u m ber of students w i l l  come to schoo ls  from the nearest 
d i stricts ( short travel i ng d i sta nce ) ,  however, ana lysis for Abu Dhab i  shows th is  is not 
a lways true .  It may be because of d i fferent reasons such as, reputation of the 
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schoo l ,  school  cu rricu l u m  (American or Brit ish or others ) ,  school fees and faci l it ies, 
and fi n a l l y  the locat ion of the schoo l .  
Hot spot a na lys is  wh ich g ives a n  idea a bout whether schools with h i g h  nu mber of 
students or schools with low n u m ber of students tend to c luster or not, showed that 
schoo ls  with h i g h  pos it ive Z score ( >  2) a re concentrated out s ide the CBD.  
Schoo l  managers a re someti mes faced with  the prob lem of locat ing new schools .  The 
GIS  a n a l ys is  was used to fi nd  out prospective s ites for open i ng new schools 
cons ideri ng  the cu rrent  and future dema nd . Fo l low i ng the standards adopted by Abu 
D h a b i  M u n ic ipa l i ty and criteria that put i nto accou nt factors such as populat ion,  
p rox i m i ty to roads, res ident ia l  a reas, parks, noisy areas, and GIS model i ng  
ca pa b i l i t ies, 3 K i ndergarten and  4 primary new s ites had been ident ified .  
I t  i s  not stra nge that many school a d m i n i strators a re not profess iona l  i n  the use of  
computers and GIS .  Therefore, a system that  m i n i m izes and s imp l if ies the use of  GIS 
w i l l  he lp  a lot .  A school fi nder  system had been developed usi n g  V isua l  bas ic  for 
Appl icat ion (VBA) i n  ArcGIS software .  With very l i tt le knowledge of computers one 
can easi ly sea rch and a n a l yze the ent i re school database by using this too l .  This tool 
g ives a n  easy way to fi nd  school locations and their  database for admin i strators, 
parents, or any  other stakeholders of the schools .  
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1 55 . 3  S ign ificance of the Study 
• Schools a re fou ndat ion of educat iona l  system and the use of GIS for thei r 
management w i l l  save t ime and money.  Operations that need weeks and 
months i f  done m a n u a l ly such as locat ion of new schoo ls  ca n be done with i n  
hours u s i n g  GIS . 
• O n ce the benefits of GIS  a re rea l ized by school admin i strators th is  w i l l  he lp  i n  
conv inc ing  them t o  i ntrodu ce i t  i n  the school cu rricu l u m .  
• The use of GIS  by school a d m i n i strators i s  a n  i nd icat ion of IT reforms that is 
needed to meet the 2 1 st centu ry cha l lenges.  
• Pa rents ,  pol ice, and  many other part ies that have bus i ness with schools  ca n 
benefit from the database developed i n  th is  study for various a pp l ications .  
5.4 Recom mendation 
Based on  the resu lts obta i ned, the fo l l owi n g  recommendat ions are made : 
1 .  G IS  shou ld  be fu l l y  ut i l i zed for schoo l s  management i ssues such as 
d i stri but ion of popu lat ion ,  schools ,  students, the ir  enro l lment,  and 
determ i nation  of opti m u m  routes between school and  homes. 
2 .  Th is  study sta rted with bu i l d i ng GIS database for Abu Dhabi  Is land schools ,  i t  
i s  strong ly  recommended to bu i ld  a com prehens ive school s  data base for a l l  
UAE . The database w i l l  he lp  the M i n istry o f  education a s  end user to manage 
and p lan for fu tu re schoo ls .  
3 .  Deve lopment of tool s/systems/user i n terfaces that  s imp l ify the GIS 
o perat ions to end users i s  essent ia l .  The tool  developed i n  th is  study should 
be expa nded to he lp  i n  i nteractive ru n n i ng of var ious scenarios and fi na l l y  be 
made ava i l a b le o n l i n e .  
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4 .  Short cou rses i n  the use of GIS for schoo l admin i strators shou ld be organ ized 
to tra i n  them on how to get use of its capab i l it ies .  
5 .  I ncorporat ion of GIS in school  cu rricu l u m  is  h igh ly recommended . 
6 .  Cooperat ion between data providers ,  software vendors ,  and school 
a d m i n i strat ions w i l l  he lp  in promotion of GIS for schools .  
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Appendix .A 
UAE U n i versity 
Master of GIS & RS 
Questionnaire for Geography teachers in secondary schools 
1 .  Sex : M 0 F 0 
2 .  Name of School : 
3 .  How many years have you been us ing  a Com puter? 
1 - 2  yea rs 2 - 3  yea rs 3 -5  years :::::; more 
4 .  How m a n y  hours a day d o  you use a computer? 
� none 
1 - 2 hours 2 - 3 hours r:- 3-5  hours more � none 
5 .  How many hours per week you spend us ing  Internet? 
2 - 3  hours 4-8 hours 8 - 1 2  hours more ["' none 
6.  W h ich softwa re a re you fa m i l i a r  with? 
Microsoft word PowerPo int  Excel more, specify :  - - - - - - - - - - - - - - - - - - - -- -
7 .  Wh ich of those is  I n pu t  dev ice? 
Keyboa rd CPU Pri nter 
8. Wh ich of those is  Processi n g  device? 
Keyboa rd CPU C Pri n ter 
9 .  W hich of those is  Storage device? 
::::: Keyboa rd "CPU C Pri nter 
1 0 .  Which of those is Output device? 





Answer the below q uestions  usi n g  the attached map : -
1 1 .  What  i s  the name of the city o n  the map? - - - - - - - - - - - - - - - - - - - -- - -- -- - -
1 2 .  How m a ny schoo ls  o n  the m a p ?  - - - - - - -- - -- - -- - - - - - - - - --
1 3 .  H ow many hospita ls on  the map? - - - -- - - - - - - - -- - - - - - - - -
1 4 .  H ow many hote ls  on  the map? 
1 5 .  When th is  map  was produced? 
128 
1 6 .  W h ich  d i rect ion you w i l l  use if you want to move from Abu Dhab i  M a l l  to 
M a nna M a l l ?  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 7 . F ind  the  d i stance between Em i rates Pa lace Hote l and  Sheraton Hote l?  
18 .  What i s  the sate l l ite data used i n  the map?  
19 .  Locate the LU LU Is land  on  the  map 
2 0 .  Have you ever use Goog le  earth?  Yes l No 
2 1 .  D id  you study GIS  i n  your  Bachelor? Yes No 
2 2 .  I f  No,  d id  you take a short cou rse i n  GIS? Yes L No 
2 3 .  D id  you study Remote Sens ing i n  your Bachelor? Yes No 
24 .  I f  No,  d id  you take a short cou rse i n  Remote SenSi ng? L Yes No 
2 5 .  Do you t h i n k  that GIS w i l l  enha nce Spati a l  th i nk i ng  of the students? 
Strongly agree Ag ree Disagree Strongly d isagree 
26 .  Do you th i n k  that GIS w i l l  enhance Prob lem Solv ing  of the students? 
Strong ly  agree Ag ree Disagree Strongly d isagree 
27 .  Do you have com puter lab  in you r  schoo l?  Yes No 
2 8 .  If no,  why you don ' t  have? - - -- - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -
29 .  How many com puters your  lab  i nc ludes? 
Less tha n 5 Less than 20 Ca round 30 more 
3 0 .  What  k ind  of com puter do you have i n  your l ab?  
PI I  P I I I  PIV �others - - - - - - - - - - - - - - - - -- - - - - - -
3 1 .  Is  your  a d m i n istrat ion suppo rt ing  new tech nology? eYes [ No 
3 2 .  Any com ments a bout how to i ntroduce GIS i n  Schoo l s- - - - - - - - - - - -- - - - - - - --
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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